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Part 1

The beginnings of Paediatric Endosurgery

Abstract:

This thesis is based on my collective clinical, basic research material and

publications in endoscopic paediatric surgical procedures.

The first section traces our initial application of adult percutaneous renal surgical

techniques for managing renal calculi disease in children. Having demonstrated

clinical success with the technique in older children, it also describes how

modifications were made to the technique as a result of experiments performed in

our animal laboratory. We discuss the problems of adopting adult instruments and

techniques for use in young children, and describe modifications and improvements

to the equipment and technique to minimise blood loss, and to facilitate percutaneous

renal access in infants and very young children.

The second section describes the introduction to laparoscopic surgery as a result of

attending a scientific meeting in London in 1989. lt details the development of the

first paediatric laparoscopic set by Karl Storz with my assistance. The final part of

this section includes my contribution to the medical literature on the topic of

paediatric laparoscopic surgery.

The last section is a compilation of my publications on my main focus of interest i.e.

paediatric urology, and includes several publications on uretero-pelvic junction

obstruction, and the various minimally invasive methods of dealing with this. lt also

outlines the development of the various procedures described, where relevant.

The summary includes two papers non published works which is included in manuals

of paediatric laparoscopic workshops
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lntroduction: How it started

Mr. David R Webb, adult urologist and to whom I am indebted, introduced me to the concept

of Endourology. He had just retumed to Melboume in 1986 after working in the United

Kingdom with Professor John \Mckham at the Institute of Urology in London, and Professor

John Fitzpatrick in Dublin. While in the United Kingdom, he was engaged in some of the

pioneering work being developed by Professors \Mckham and Fitzpatrick, and had

completed a Master of Surgery thesis on lithotripsy.

On his retum to Melboume, he brought with him the knowledge and skills necessary to

perform percutaneous nephrolíthotripsy in the treatment of urinary tract calculi in adults. lt

was at that time, a revolutionary method of managing renal calculi in adults. Until the

introduction of extra-corporeal shock wave lithotripsy (ESWL) using the HM3 lithotripter by

Domier and percutaneous nephrolithotripsy (PCNL), urinary calculi were managed by open

surgery.

I happened to be in attendance at a "grand rounds" presentation by Mr. David Webb on

Extra-corporeal shock wave lithotripsy and percutaneous nephrolithotripsy, and came away

impressed at the dramatic reduction in the morbidity witnessed in adults treated by these

then "neu/' modalities, when compared to conventional open surgery for renal calculi.

As a paediatric surgeon at the Royal Children's Hospital in Melboume, I happened to have

under my c€¡re at that time, several children with urinary tract calculi, and the potential

benefits of these using new techniques in managing paediatric patients with urinary calculi

was not lost on me. I therefore approached Mr. David Webb to see if he would consider

working with me in applying these techniques to paediatric patients. Nothing was known

about paediatric endourological applications at that time. There were no reports in the

literature on its clinical use in children, but we had a significant numbers of adolescent

4



patients with renal calculus in whom we felt the techniques would be safe, and we started

treating these patients to begin with. As confidence grew we started treating younger

patients and patients with more complex pathology.

Applying a combination of Extra-Corporeal Shock Wave Lithotripsy (ESWL), Percutaneous

Lithotripsy (PCNL) and Uretero-Renoscopy (URS) we successfully managed a total of 23

patients with 27 renal calculi, and published our initial experience with these techniques in

1990.

This lead us to study the various techniques of percutaneous puncture in children from which

we developed the technique of single incremental dilatation as published in the British

Joumal of Urology,
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Introduction

Paediatric urinary calculi are uncoÍlmon, comprising 27o-
3Vo of all urinary tract stones [4]. Conventional manage-
ment has primarily involved open surgery or observation;
endoscopic surgery has been reserved for a small minority.
Since 1981, the treatment of urinary calculi in adults has
undergone a dramatic change with the introduction of ex-
tracorporeal shock wave lithotripsy (ESWL) [1], percu-
taneous nephrolithotomy (PCNL) [8], and ureterorenos-
copy (URS) [2]. Alone or in combination, these techniques
have reduced the need for open stone surgery to less than
57o of all cases [6]. Vy'e have adapted these techniques to
children with calculi. This report describes our early expe-
rience with these techniques atthe Royal Childrens' Hospi-
tal, Melbourne.

Patients and methods

Between September 1986 and March 1988, we have treated 27 calculi i¡
23 patients (Table 1). Three patients had associated stenosis treated syn-
chronously with their calculi by endoscopic division and splintage
(Iable 2). The patients fell into two groups, those with an underlying
neurogenic bladder (all spina bifrda) and those with otherwise normal
urinary tracts. Twelve patients (8 female, 4 male) had non-neuropathic
bladders with a mean age of 10. I years (5 - l6), ó presented with abdom-
inal pain (2 of whom were septic and diagnosed as "acute abdomens"),
and 2 had typical "renal colic". Tbree cystinuric patients had recurrent
stones despite active medical prophylaxis with penicillamine.

All patients were evaluated with intravenous urography and ultra-
sound. There were 23 renal calcuìi, of which 6 were complete staghorn
(struvite) calculi and 3 were cystine stones. One was ¡efeúed following
failed ESWL, another following incomplete open nephrolithotomy and
attempted PCNL elsewhere. In the fo¡mer, the ureteric calculus was
wedged above a dense urete¡o-ileal stricture and an ipsi-lateral renal

Abstract. Childhood urolithiasis is uncommon, compris-
ing 2%o-37o of urinary calculi. This paper presents our
initial experience in the endourological (EU) treatment of
23 children with urinary calculi presenting to the Royal
Childrens' Hospital. Twenty-seven renal, ureteric, and
vesical calculi were treated. Three strictures were divided
endoscopically synchronously with calculus removal.
Twenty-three calculi were renal (6 staghorn, 3 cystine), 2
ureteric, and 2 vesical. In 12 patients (mean age 17.5 years,
range 5-24), the underlying cause was a neuropathic blad-
der secondary to spina bifida. Ten ofthese had ileal con-
duits, I was successfully undiverted, and 1 previously un-
diagnosed (all infected). The second group of 1l patients
(mean age 10.1 years, range 5-16) had normal renal anat-
omy. Seventeen (63Vo) \üere treated by percutaneous ne-
phrolithotomy (PCNL) or endoscopic lithotripsy via their
conduit (n = l) or bladder (n = 2). Tfuee (Il7o) underwent
combined extracorporeal shock wave lithotripsy (ESWL)
and PCNL and 7 (26Vo) were treated by ES.WL alone.
Twenty-one (77Vo) were cleared of stone by their primary
procedure. Four palients with residual calculi following
ESWL have a decreased volume of stone and 2 patients
with staghorn calculi treated by PCNL have peripheral
fragments only (1 bilateral). There was no mortality or
significant morbidity except sepsis in 4 patients, which
was treated medically. This series demonstrates that EU
and ESWL techniques are safe and effective in children
and patients with spina bihda, who often have marked
scoliosis, urinary diversion, and difficulties in access. In
our experience, paediatric calculi were associated with in-
fection, metabolic disorders, urinary diversion, and patient
deformities, and so the majority were more appropriately
treated by endourological techniques. ESWL was effective
for small stones and in combination with EU for complex
stones. By using EU and ES\ryL alone or in combination,
we have avoided open surgery in all patients with urinary
calculi treated so fa¡.

6
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Fig. 1. a Loopogram showing obshucted and dilated left ureter and kidney. b Percutaneous nephrostomy and trans-conduit catheters draining obstructed

sylem and iemonstrating obstructing left uretero-ileal caÌculus and staghorn renal calculus. c Pâtient clear of stone following PCNL and endoscopic

division of ureterö ileal strictu¡e and removal of ureteric calculus

Tâble l. Paediat¡ic endourologY

Site of calcuìi (n = 27)

calculus as well. The two bladdcr calculi prcscntcd in an infected undi
version a¡d normal bladder, respectively (Table 1).

Patients with small calculi that could be imaged on the lithotripter
and in whom distal drainage was unimpeded were heated by ESWL on
the Dornier HM3 lithotripter in the standard manner described elsewhere

[9]. Treatment was performed under general anaesthesia (GA) with poly
styrene lung protection and minor modifications of the gantry using
strapping. An average of 1400 shock waves (600 2500) were deìivered
using ECG criggering at 20 kV. There were no intra-operative complica-
tions. Four had double-J stents inserted cystoscopically to prevent sub-

sequent ureteric obstruction.
La¡ger stones, those associated with poor drainage, those that could

not be imaged due to lucency or patient deformity, and those that ale
known to fragment poorly (2 larger cystine stones) were treated by PCNL
with ultrasonic lithotripsy (USL). In the majority this was achieved as a

one-stage procedure under GA tlrough a 24/28 French gauge (FG)

nephrostomy track. There were 2 patients who had ureteric calculi re-
moved by antegrade extraction at the time ofPCNL and by ureteroscopic
division of a uretero-ileal stricture (Fig. 1). The bladder calculi wele
fragmented by an endoscopic stone punch and blind lithotrite, respec-

tively. Table 3 details the numbers of patiens treated by each modality'
Three large and complex calculi were treated by PCNL and subsequent

ESWL to remove small peripheral ftagments.

Renal
Ureteric
Bladde¡

z5
2
2

Table 2. Associated problems

Stenoses

Spinabifida 12

Pelvi-ureteric
Uretero-ileal

Infection
Ileal conduit
Undivened

J 1

2

12
10

I

Table 3. Paediatric endourology

Calculi

Treatment

Technique Neuropathic (NP) Non NP Total Percent

Endourology (PCNL and URS)

ESWL

Combjned (ESWL and PCNL)

3

t2

8

.5

4

5

2

634o

26Vo

I lVo

Total 12 23ll
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Results

Treatmentby ESWL was uncomplicated, all stones achiev-
ing satisfactory fragmentation. Patient size was not a prob-
lem. There was no pulmonary ffauma or excessive bruis-
ing. Four patients (2 infective) have residual fragments
after 6 months and t has required a second treatment due to
incomplete fragmentation. There has been no significant
colic. Early in the series, percutaneous surgery of large
infective staghorn stones and urinary diversions resulted in
4 cases of sepsis (treated medically) and I patient required
a 2-tnit transfusion after bilateral PCNL. There were no
other significant complications. Division and splintage for
6 weeks of two uretero-ileal strictures has resulted in per-
manent patency for over 12 months review. Three patients
were left with residual calculi following PCNL. These
were all complex infective staghorns in diversions and the
remaining fragments were calyceal only. All other patients
were cleared by their initial procedure or following sup-
plementary ESWL (n = 3). Two patients (1 cystinuric,
I struvite) have developed a recurrent stone after initial
complete clearance.

Discussion

These early results demonstrate that the new stone treat-
ment techniques developed for adult urolithiasis are safe
and efTective fbr the ffeatment of paediatric calculi and
obviate the need for open surgery in the majority of cases.
Our experience with ES\ryL mirrors that of the initial
multi-centre American experience t3l. GA allowed excel-
lent patient positioning and avoided movement. One
patient with an unrecognised cystine stone had been treated
twice by ESWL before referral without evidence of frag-
mentation. This was easily cleared by PCNL and USL.
Few patients with urinary diversions or infection stones
were suitable for ESWL due to skeletal deformities, radi-
olucent stones preventing imaging, or the stones being too
large or soft to break satisfactorily. These conditions in our
series limited the use of ESV/L for the primary manage-
ment of calculi alone to 7 cases (267o compared to the
usualToVo in adults) f7l.

EU techniques were more relevant in our series for the
same reasons (63Vo, 17 patients), again demonstrating a
reversal of the conventional adult proportion. Our initial

453

theoretical concern of tract size in a paediatric kidney was
not bome out by experience, wiflr, 24 FG nephrostomies
causing no significant complications in patients down to
the age of5 years. In retrospect, this is not surprising as the
kidney length was 10 cm in these patients and previous
clinical reports [10] and experimental studies in canine
kidneys less than 7 cm with similar large-size tracts have
not demonstrated renal trauma [5]. Due to quite grotesque
anatomical situations, access could not be achieved in all
cases percutaneously, including those where ESWL imag-
ing was not possible. Where necessary, conduitoscopy was
greatly facilitated by guidewires placed radiologically
from above or below pre-operatively to easily negotiate the
conduit and define the uretero-ileal region (Fig. I abc).

As the majority of paediatric stones have an underlying
cause and are likely to recur, these minimally invasive
techniques, which may be repeated as llecess¿u'y, take on
even greater significance in the paediatric population by
avoiding repeated open surgery and possible nephrectomy
and subsequent dialysis.
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Goncern for younger children

The surgical hardware used in our initial experience was "bonowed" on each

occasion from the Department of Urology at the Royal Melboume Hospital, and even

though we stated in our first paper that it was safe to use adult instrumentation and to

dilate the tracts in children up to 28Fr diameter, I remained concerned that excessive

damage would result to infant kidneys if we made a large hole in a small kidney.

We therefore decided to embark on a series of animal experiments in small dogs to

evaluate the damage caused to small kidneys by the dilatation. lnitial sacrificial

dissections with small dogs indicated that the kidneys were about 6cm in axial length,

comparable to infant kidneys, and we felt that this was a reasonable model to study

the renal damage, and other problems assoclated with creating a nephro-cutaneous

tract in small kidneys.

At the time of our study, there were several methods of performing a dilatation, the so

called Amplatz dilators which are serial dilators that need to be interchanged for

larger diameter dilators, radial balloon dilators, and stepped telescoping dilators that

pass over a smaller dilator hence avoiding the need for interchange.

It became evident through our clinical experience that none of the methods available

then were suitable for use in small kidneys with small collecting systems.

9



Significant blood loss occuned during the interchange of the Amplatz serial dilators

due to loss of the tamponade. The Amplatz serial dilators were therefore thought to

be unsuitable for use in small children, when bleeding is an important consideration

given the smaller blood volume.

The radial balloon dilator likewise suffered from two problems: the need to change at

feast once to a larger balloon which again resulted in bleeding during the

interchange. The second problem is that the tapered ends of the balloons tended to

slip out during inflation, unless it was lying well within the collecting system.

Unfortunately, it is difficult if not impossible to leave a suffìciently long length of a

radial balloon dilator within a small collecting system.

The serial or telescopic dilators initially appeared to offer the best solution to

minimize bleeding because of the fact that the larger dilators were always introduced

over the smaller ones, maintaining tamponade. However being stepped, they had a

tendency to become dislodged when being passed over the smaller dilator, as the

step tended to push the kidney away, especially if the collecting system or kidney is

small. An additional problem with the telescoping dilator is that they are very long and

cumbersome making them difficult to stabilize during the dilatation.

We knew too, from our clinical experience that infants kidneys are considerably more

mobile than adult kidneys so we concluded that we had to devise a better system of

dilating the tract.

l0



We approached Cook Urology then headquartered in Melbourne to custom make

several new pieces of equipment, and came up with a single stage dilator fashioned

like a sharpened pencil tiP.

Our animal studies demonstrated that this offered several advantages. Firstly, it

minimized the risk of bleeding and accidental dislodgment. Secondly, the process of

creating a tract was considerably simplified, as the number of steps required were

significantly reduced. Being pencil shaped and sharply tapered, we found that it

could be passed over a guide wire without the need to first insert a 8Fr Teflon sheath

to guide the dilators, as was necessary with the Amplatz type dilators.

We also demonstrated in the laboratory that by using smaller dilators up to 18Fr, we

could create a tract without splitting the kidney'

Our conclusion was that this was the optimum method of dilating a tract reglardless of

renal size, and the results of our study were published in the British Journal of

Urology.

At the same time, we also began to use the single incremental dilator developed in

our laboratory in the clinical setting, in both children and adult percutaneous renal

surgery, and continue to use them today as the dilators of cþoice.
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British Journal of U¡ology (1991), 68, 144-147
@ l99l British Journal ofUrology

Single-increment Dilatation for Percutaneous Renal
Surgery: An Experimental Study

D. G. TRAVIS, H. L. TAN and D. R. WEBB

Departments of Urology and Surgery, Royal Children's and Royal Melbourne Hospítals, Melbourne, Australia

Summary-Renal nephrostomy track dilatation is an integral part of percutaneous renalsurgery. The
traditional method has employed sequential dilators of increasing size, or balloon dilatation. This
study used a canine model to investigate the effects of single-increment renal track dilatation to
24 F and compares it with the conventional techniques. Single-increment dilatation proved to be a

safe technique with minimal haemorrhage or parenchymal damage and healing at 6 weeks by a fine
linear scar. lt was as safe as conventional techniques. We believe this study proves that single-stage
dilatation is a safe technique for use in humans.

An integral part of percutaneous renal surgery is
the dilatation ofthe track to provide an adequate
working channel. Dilatation of the track has usually
been performed as a multi-increment procedure,
commencing with a needle puncture into the
collecting system followed by insertion of a guide
wire. Once the wire has been placed, dilatation is
performed using multiple incremental flexible ex-
change dilators (Segura e t al.,1983), balloon dilators
(Clayman et a1.,1983; Reddy et al.,1985) or metal
telescoping dilators (Alken et ql.,l98I; Ekelund er
al., 1986). The track was usually dilated to 24 to
30 F. rWebb and Fitzpatrick (1985) developed a
canine model to study the effect of multi-increment
dilatation (MID) on the kidney and demonstrated
it to be safe.

Despite this, MID in adults has a number of
problems. It is time-consuming, guide wire dis-
placement and kinking during exchanges is possible
and bleeding may occur from the untamponaded
track between exchanges. Balloon dilatation, while
decreasing the number of exchanges, still requires
multiple exchanges (Clayman et a1.,1983).

Rusnack et al. (1982) described a single-incre-
ment dilatation (SID) using a dilator with a long
ureteric extension of 8 F. Webb (1990) developed a

Accepted for publication 28 November 1990

different single-increment dilator, without the ure-
teric extension, which has proved useful in devel-
oping a track in adults for Y-puncture, caliceal
divertula and staghorn calculi. Its advantages over
MID were that it was possible to perform the
dilatation in a confined space, the need for a stable
guide wire was less critical, it was fast and there
was minimal bleeding.

We have been involved in the adaptation of
percutaneous renal surgery to paediatric patients.
Two major problems became evident. Firstly,
children have a small intrarenal collecting system
and hence the¡e is difficulty in establishing and
maintaining a guide wire. Secondly, small volume
blood loss in children is significant by virtue of
their small total blood volume. We believe that SID
may help to minimise these problems. This experi-
mental study was performed to evaluate the
technique and safety of single-increment dilatation
ofthe kidney.

Materials and Method

A single-increment dilator was manufactured for
this study by Cook Urological@. It was made of
stiffened PVC, pencil-shaped and frtted snugly over
a conventional 0.038 inch diameter guide wire. The
leading taper comes to a fine point and is glass
polished to reduce friction as it dilates the paren-

IM

12



chyma. A canine model was used. The animals
were given a halothane/NrO general anaesthetic.
The kidney was mobilised via a subcostal incision
and delivered through the wound, A 6 F fascial
dilator was introduced through the maximum renal
convexity into the collecting system. A 0.038 inch
diameter guide wire was passed through the dilator
into the collecting system and the fascial dilator
was removed. The dilatation system of choice was
use<i and the track was <iiiateci to 24 F, After
dilatation, a 25 F Amplatz sheath was introduced
into the collecting system over the dilator. The
kidney was then observed for several minutes and
the sheath was then removed. Some kidneys were
harvested for immediate evaluation; in other
animals the kidney was replaced, the wound closed
and the animal awoken. These surviving kidneys
were harvested under general anaesthesia at 48 h
to study the acute inflammatory response and in
others at 6 weeks to study the acute inflammatory
response and in others at 6 weeks to study the long-
term healing (Table). In this study we compared
SID with conventional techniques of dilatation,
multi-inc¡ement (2 F) Amplatz dilators, balloon
dilators and metal telescoping dilators. In the SID
group 5 kidneys were evaluated immediately, 4 at
+S tìãn¿ 2 at 6 weeks. In the conventional dilatation
group all were studied immediately. We performed
3 multi-increment dilatations, 2 meral telescoping
dilatations and 3 balloon dilatations. The kidneys
were evaluated by the following methods: operative
observations, intravenous urography (IVU) at 48 h
and 6 weeks in the surviving animals, observations
of the macroscopic specimen, histological sections
stained with haematoxylin and eosin, methyl
salicylate sections after latex injection, barium latex
angiograms and methyl methacrylate corrosion
casts. All animals were cared for in the Animal
Research Laboratory at the Royal Children's
Hospital. The study protocol was approved by the
Royal Childrens' Hospital Animal Experimenta-
tion Ethics Committee and we adhered to the

Table Breakdown of Dilatation Techniques and Time
of Study of l9 Kidneys

Time of study

Type of dilatatíon Immediøte 48h íweeks

Single-increment
Multi-increment

Balloon
Metal telescoping

The operative technique was reproducible and had
no complications. It was apparent that rotating the
dilator facilitated its' passage through the capsule
into the kidney. There was minimal bleeding and
no major parenchymal splitting. Macroscopic sec-
tion of the immediate evaluation kidneys revealed
minimal damage in the vicinity of the track (Fig.
l). Microscopic examination demonstrated a thin
exudate on the surface of the track with minimal
disturbance of the underlying parenchyma. Barium
sulphate latex angiograms did not demonstrate any
major segmental vessel damage but did reveal
minor peripheral vascular damage (Fig. 2). The
kidneys evaluated at 48 h demonstrated similar
findings except that the track was plugged with
blood clot and debris, with a mild inflammatory
reaction at the edge ofthe track. IVU at 48 h using
a double contrast infusion technique did not
demonstrate any parenchymal or collecting system
damage. The kidneys evaluated at 6 weeks were
normal, except for a fine radial scar visible on
macroscopic and microscopic examination (Fig. 3).
Angiograms and IVU were normal.

SINGLE-INCREMENT DILATATION FOR PERCUTANEOUS RENAL SURGERY t45

Fig. I Macroscopic specimen immediately after single-incre-
ment dilatation.

National Health and Medical Research Committee
of Australia's ethical guidelines for animal research
(NHMRC, le85).

Results

Sing I e - inc r ement dil qt at ion

)4
3

3
2
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C onuentional t e c hnique gr oup

Evaluation of this group demonstrated that all 3 of
these methods were time-consuming, with mild to
moderate oozing occurring between exchanges.
The Amplatz sheath was subjectively less stable
after MID than in the SID track group. The balloon
dilatation technique involved a surprising number
of exchanges. The track had to be initially dilated

Fig, 3 Macroscopic specimen 6 weeks after single-increment
dilatation. The arrow indicates the frne linear scar which was
the only evidence remaining of the track.

BRITISH JOURNAL OF UROLOGY

to 8 F to accommodate the deflated balloon. After
the balloon had been inflated and deflated, it was
also removed and exchanged for a 24F Amplatz
type and sheath in order to position the sheath in
the kidney. Mild to moderate oozing occurred
between these exchanges. It was observed that in
order for balloon dilatation to be effective, the
leading 2-cm tip of the inner core of the balloon
must be inside the collecting system or the balloon
would inflate outside the kidney. Evaluation of
these kidneys revealed minimal damage, similar to
that following the other MID techniques.

The metal telescoping dilator technique was
simple, although during dilatation it was difficult to
control the position metal rod. Bleeding was
minimal, These dilators had a flat non-tapered
leading edge and the larger dilators caused inden-
tation of the renal capsule before entering the
parenchyma, tending to push the kidney away.
When performed as a closed procedure this may
make dilatation difficult and compromise dilatation
where little guide wire is in the kidney. Once again
the parenchymal damage was minimal.

Comparison of the damage caused by SID and
conventional techniques immediately following
track dilatation did not reveal any major differ-
ences. No technique caused any major parenchymal
splitting or damage to the collecting system.

Discussion

Percutaneous renal surgery is now a well established
technique which has acceptable levels of morbidity
and mortality (Segura e/ a I . , 1983 ; White and Smith,
1984; Charig et al., 1986; Ekelund et al., 1986;
Reddy et al., 1986). Conventional techniques of
track dilatation have used either some form of
sequential incremental dilator or a balloon dilator.
However, these techniques have limitations when
confronted with a collecting system with minimal
space or where one cannot advance the guide wire
to the renal pelvis and ureter, as is often the case

with stones in a caliceal diverticulum or a large
staghorn calculus. Rusnak et al. (1982) described a
single-increment dilator and Castaneda-Zuniga et
al. (1982) reported its'use in 25 patients, dilating
the track up to 50 F, in some instances without
untoward complications. However, this single-
increment dilator had a long leading tip which had
to be passed down the ureter; hence it was
unsuitable for confined space situations, We have
previously developed a single-increment dilator for
use in these situations in adults, without signifrcant
complications (Webb, 1990). We are now involved

Fig. 2 Barium sulphate latex angiogram immediately after
single-increment dilatation. The guide wire was left rn si¡u to
indicate the track site. A small subcapsular haematoma was
present but there was no major vascular damage'

14
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in the adaptation of percutaneous surgery to
children. A major problem is the physical size of
the collecting system, which creates difficulty in
establishing and maintaining a guide wire for MID.
Single-increment dilatation appeared to be the
solution to this problem. In this study we have
evaluated the damage caused by a single-increment
dilatation to 24F. We demonstrated that the
damage was minimal, both immediately and at 6
weeks, and no major parenchymal splitting oc-
curred. When comparing SID with conventional
techniques we found that the damage caused was
similar. We did not evaluate any long-term conven-
tional dilatations as the immediate results were
identical to those of previous reports which included
a 6-week follow-up (Webb and Fitzpatrick, 1985).
It was interesting that we gained the subjective
impression of less bleeding with the SID technique,
which is important in paediatric cases. Certainly
the SID technique was the simplest and quickest.

Most paediatric percutaneous surgery can be
performed with a 2O or 22 F track and we believe
that single-increment dilatation is a safe technique
in children. We recommend its use in cases
involving compromised or difficult access, gross
hydronephrosis, supracostal approach and the
majority of paediatric cases. We have now used
this method in all cases of adult and paediatric (n :
21) percutaneous renal surgery for the last 18
months.

The technique has been simple and faster than
serial dilatations. It has provided excellent tampon-
aded access to all regions of the kidney without
complications, including 2 children under the age
of ó months.
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Latest results of Endourological Management
Of Urinary Calculi in children

Since our original description, the techniques for endourological management of

urinary calculi in children have undergone considerable refinement. lnstead of using

an adult nephroscope which is 22Fr in diameter, we now use a paediatric operating

cystoscope with an offset lens. This telescope has a SFr operating channel, large

enough to accommodate a ultrasonic lithotripsy probe specially fashioned for us by

Karl Stoz.

This paediatric cystoscope however has a much shorter working length than the adult

instruments, so we had to design correspondingly shorter Amplatz sheaths and

stents. Fortunately, Gook Urology being headquartered in Melbourne then were able

to assist us in producing a complete range of stents, catheters and dilators suitable

for use in very young infants.

Original Adult nephroscope (top) 22Fr
Paediatric Nephroscope (bottom) 1 8Fr

lnfant 11.5Fr Operating cystoscope with
modified SFr ultrasound lithotripsy probe
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new
Sheaths and puncture needles produced by Cook

Armed with a complete range of miniaturised equipment, I felt more comfortable

performing endourological procedures in young infants, and to date, the youngest

child we have successfully operated on is a 16 week old infant presenting with anuria

from a Cystine stone obstructing the urethra. ln addition, he had an incomplete stag

horn calculus in the left kidney.

The urethral stone was removed endoscopically, and the renal function was allowed

to improve, before the staghorn was removed using percutaneous nephrolithotripsy.

Xray of 16 week infant
Showing partial L staghorn

Urethral calculus removed via
cystoscope using snare
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Percutaneous puncture of
L Kidney in 16 week old infant
With incomplete cystine staghorn

Complete stone clearance

Figure showing l4Fr Amplatz
sheath in situ during lithotripsy

24 hours post operative
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To date, we have treated a total of 63 children with urinary calculi. The results of

treatment is as follows:

Modality of treatment* N: 63 (1986 - 1997)
ES\ryL 17 2lo/o
PCNL 30 48o/o

PCNL & ES\ryL 05 O8O/O

PCNL, ESWL & Chemol 05 08o/o

Open surgery 03 4.5o/o

Spontaneous passage 01 l.5oÂ
Chemolysis 01 l.5o/o
Lap nephrectomy 01 l.So/o

As can be seen, and as reported in our first paper, only about one quarter of all

paediatric calculi can be treated by ES\/VL. This experience is also reflected in a

series by Losty et al from Dublin who states that only aboul25o/o of their series is

suitable for treatment by ESWL. Unlike their series which resorted to convèntional

open surgery, most of our patients were treated by endo-urological or laparoscopic

means.

Of the three children ending up with open procedures, one child had a non

functioning kidney with a complete staghorn calculus. This was in the days prior to

laparoscopic nephrectomy, and it is likely that this same patient if encountered today

would have undergone a laparoscopic nephrectomy.

The second of these patients was a 11K9 pre-term baby with a single calculus in an

obstructed kidney and underwent open pyelolithotomy and dismembered pyeloplasty.

The last patient is one of the most recent patient having been referred to me after two

failed open operations for a renal calculus causing obstruction in a solitary right
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kidney. He presented with a 3cm long impassable proximal ureteric stricture, and

has since undergone uretero-calicostomy at which the calculus was removed.

Both of these patients could not have been treated by any other means even in these

days of minimal access surgery.

Gomplications

One child had a two unit transfusion from intra-operative bleeding. This teenager

had bilateral complete staghorn calculi and under went bilateral PCNL in one sitting,

using conventional serial Amplatz dilators. She was one of the patients at the start of

our experience. With the benefÌt of hindsight, this patient could have been spared

the transfusion if we had performed a staged procedure, and if we had used a single

stage dilator which at the time of surgery, was still undergoing laboratory evaluation.

Seven patients, all with infective staghorn calculi developed post operative sepsis

even though intra-operative antibiotic cover was administered. One of these patients

developed endotoxic shock requiring ionotropic support in intensive care unil for 24

hours.

Clearly there is a significant risk of sepsis in patients presenting with infective

staghorn calculi when they undergo endourological procedures, even under antibiotic

cover

Reference:

Losty P, Surana R, O'Donnell B. Limitations of extracorporeal shock wave lithotripsy

for urinary tract calculi in young children. J Pediat Surg, 1993 Aug;28 (8) 1037 -1039
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Further Developments in Minimally lnvasive Paediatric Urology

THE URETERO-PELVIC JUNCTION

Having accumulated enough experience with the management of urinary calculi in

children, and having incised a few uretero-ileal strictures in patients with ileal

conduits and infective renal calculi successfully, I developed an interest in managing

uretero-pelvi c junction obstructi on endoscopi cal ly.

Several publications by Dr. H.N. Whitfield and Professor John Wickham had

described the technique of percutaneous pyeloplasty or endopyelotomy in adults.

None were reported in children. We again approached Karl Storz to produce a sickle

shaped reversed cutting cold knife that could be used with an infant resectoscope,

and performed endopyelotomies in children.

Again, with the assistance of Cook Urology, a new range of endopyelotomy stents

were made by Cook Urology more suited to paediatric patients.

A total of 17 endopyelotomies were performed between 1988 and December 1991,

and these results are published.

Our paper is the first description of endopyelotomy in children, and while we have

demonstrated that it can be performed safely in children and with comparable results

to that reported in adult patients, the success rate was still nonetheless inferior to

convgntional open dismembered pyeloplasty.
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Endopyelotomy requires that the patient has an external nephrostomy to stent the

incised ureter for six weeks. While most adults will tolerate this, unfortunately,

children do not tolerate external nephrostomies well.

Notwithstanding these limitation, there still exists a place for endopyelotomy

particularly for patients with failed open procedure, or if they have an associated

renal calculus.
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lnt¡oduction

Percutaneous nephrostomy has been shown to be ef-
fective in the management of upper urinary tract obstruc-
tion and infection for many years [ ]. In 1976, Fernstrom
and Johansson [2] reported the first percutaneous stone
removal via a nephrostomy tract. Over the following
decade, percutaneous nephrolithotomy became estab-
Iisbed as the preferred method for extraction of renal
stones in both adult and paediatric patients [3-5].

In I983, Whitfield et al. [6] and Wickham and Kellet
[7] described percutaneous endopyelotomy as an alterna-
tive to open pyelopìasty in the treatment of pelvi-ureteric
junction (PUJ) obstruction. Since then there have been

Abstract
Endopyelotomy or percutaneous pyeloplasty has become an attractive alterna-
tive to open pyeloplasty in adult patients in recent years. However, the experi-
ence and reports ofthis procedure in the paediatric population have been lim-
ited to date. we report our experience in paediatric patients undergoing this
procedure. Seventeen children with primary (14) or secondary (3) pelvi-ure-
teric junction (PUJ) obstruction were consented for endopyelotomy over a
3-year period. Patient age ranged from 4 months to l6 years, and the male to
female ratio was 11:6. Percutaneous nephrostomy was established in 5
patients prior to endopyelotomy either for diagnosis or for drainage of an
acutely obstructed upper tract. The remaining l2 had endopyelotomy as a
one-stage procedure. The average duration of the procedure was 103 min
(range 60-l 50 min) and the average hospital stay was 5 days (range 3-9 days).
Follow-up averaged l5 months (range 3-36 months). Endopyelotomy was suc-
cessful in 10/l 3 patients (77o/o), unchanged in l, and failed in the remaining 2.
we believe that percutaneous pyeloplasty can be safely and successfully per-
formed in children with primary and secondary pUJ obstruction.

more reports of successful endopyelotomy, predomi-
nantly in adult patients, and in small groups of patients

[8, 9]. We report our experience in a series of children
with both primary and secondary PUJ obstruction man-
aged with percutaneous endoscopic pyeloplasty (endo-
pyelotomy).

Patients and Methods

Between mid I 988 and December I 991 , I ? consecutive paediat-
ric patients with PUJ obstruction were consented for endopyeloto-
my. Three patients had secondary PUJ obstruction following failed
open pyeloplasty l8-24 months earlier. The remaining l4 patients
had primary PUJ obstrucrion.

H,L Tan
Consultant Paediatric Surgeon

25 The Ro\al Childrens Hospital
Park\ ¡lle
Melboume Vic l05l (A6tral¡a)

@ 1993 S, Fu4er eC. Barl
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Table 1 ' Patients' demographic data, associated anomalies p¡e-speËtive symptoms, duration of hospital slay and outcome

No. Age SitC PUJ
obstruction

Associated
problems

Presenting
syrDptoms

Pre-op. Hospital Outcone

tomy
nephros- stây

days

I

2

3

4

5

6

7

8

9

l0
ll
t2
r3
t4
15

r6
t7

ilR
ll L
8L

20L
ll R
6L

l0R
4ML
14L
5R

13L
8L
6L
5L

t4R
nL
I5M R

pnmary
secondary
pnmary
secondary
pnmary
pnmary
pnmary
pnmary
secondary
pnmary
pnmary
pnmary
pnmary
pnmary
pnmary
pnmary
pnmary

open pyeloplasty
success

success

success

failed
success

no change
failed
success

open pyeloplasty
success

open pyeloplasty

mental haDdicåp
ipsilateral stones

menral handicap

non-function. left PUJ obstrudion
right PUJ

coDnectiv€ tissue disease

bilateral VUR

paln + mass
urine infection
parD + stones
parn
incidental
urinary infection
incidcntal
antenatal scan
paln
pain + haematuria
pain + pyelonephritis
paln
pain + haematuria
urine infection
paln

urinary infection
urniary infection

DO

no
DO

DO

DO

DO

no
yes

yes

no
yes

no
no
yes

DO

no
yes

6

5

5

J

3

8

5

6

3

;
3

3

:

success

success

success

sucaess

open pyeloplasty

Patient demographic data, associated anomalies and preopera-
tive symptoms are tabulated in table l. The diagnosis of obstrucûon
was based on the results
Ifdoubt existed, a Whi
formed. The majority
anatomy (fig. I ).

Five patients had percutaneous nephrostomy established I day-3
weeks prior, either for diagnostic or therapeutic management ol a
dilated svstem.

A diuretic DTPA and/or I\¡P was obtained 3 months afler endo_
pyelotomr and yearly DTPA thereafier.

Technique

A guide wire is passed retrogradell,via a cystoscope into the renal
peìvis under image intensifier cont¡ol. Once the guide wire is posi-
tioned u'ithin the renal pelvis. a 5-FG angiographic catheter is passed
over the guide and its t.ip positioned within the renaì pelvis. A retro-
grade pyelogram is performed through this cåtheter usin! diìuted
angiograffin. to confirm its position before the catheter is secured to
an indwel.ling Foley catheter to preveDt accidental dislodgement.

The patient is turned prone and draped after placing a sponge
cushion under the kidne),to stabilise ir during the operation. A poste-
ro-medial calix is identilìed by performing a rerrograde pyelogam
using dilute angiograffin with merhl/lene blue added, and the calyx is
punctured percutaneouslv with a 2 I -gauge Teflon needle. Its position
within the collecting system is conf-rrmed by aspirating the blue con_
trast into a syringe before a lighr 'J' guide wire is passed via the
Teflon catheter to coil within the renal pelvis, This is performed
under image intensifier control at all stages ofthe procedure.

A nephro<utaneous fistula is created by dilating over the guide
with a single increme¡r dilator with 

" 
*orkiog sheati [10]. We have

found a I GFG working Amplarz sheath ade{uate for'mást infants.
Nephroscopy is tlren performed with an I I _Fd cystoscope to idenlify
the angiographic cathete¡ within the renar peluis wtrich is foilowed to
the PUJ. A guide wire is passed again in a ietrograde fæhion through
the angiographic catheter and externalised by grabbing ir as it comes
through the pelvic end. The angiographic caìheter ii then further
withdrawn by an assistant so thal its tip lies in the upp€r ureter.

A second antegrade guide wire is then inserted aiongside the fìrst
under nephroscopic control. Ilstones are present, they-are removed
before endopyelotomy. Endopvelotomy is performed úy incising the
PUJ posterolaterally to avoid damage to renal u.rrálr. Vr'. huu.
found the second guide to be extremely useful in ,railroading,the
cold knife through the PUJ, as advancing the endoscope between the
lwo guides splays the PUJ wide open, lacilitating the passage ofthe
cold knife through what would othen'/ise be a tight stenosis.

The endopyelotomy is extended onto proximal renal pelvis, and
distally until the normal-caìibre proximal ureter is identined. O¡
completion of the endopyelotomy, a purpose-built pyelolysis stent
with a ureteric tail extending into distal ureter is passea over the
guide wire, Our pyelolysis stent has a cope loop lock which when
positioned within the renal pelvis prevents accidental dislodgement
of the_ catheter (fìg 2). The proximal end of the pyelolysis stent is
brought out as a nephrostomy on free drainage.

A nephrostogram is obtained on the 3rd post-operative day. If
there is no extravasation or diskl obstruction, ihe neih.ostorny cath_
eter is spigotted, otherwise it is left on free drainage until free drain-
age ofcontrast is demonstrated into the bladder. Ã tu.t¡., nephros_
togram is obtained at 6 weeks after surgery prior to removal ofthe
nephrostomy-stent catheter.
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Fig. 1. Preoperative intravenous pyelo-
gram pertbrmed on a patient with right-
sided primary PUJ obstruction.

Results

Endopyelotomy was unsuccessfully attempted in 4 pa-

tients and open pyeloplasty performed instead. In I ol
these. the guide wire could not be passed through the tight
PUJ, and in the fourth, extravasation occurred while
establishing percutaneous tract. These patients are omit-
ted tiom lurther analysis.

Average duration of the procedure was t03 min (range

60-150 min). We had technical diffrculties with two
endopyelotomies. In one of these (patient No. j), the ret-
rograde ureteric catheter dislodged and considerable difh-
culty was encountered in identifying the PUJ antegradely.
This patient had persistent haematuria for 6 weeks for the
duration of the nephrostomy. In the other (patient No. 8),
dilñculty was expericnced in placing the nephrostomy
stent in the correct position. This patient required reposi-
tioning ol the nephrostomy stent at 5 days postopera-
tively. Patient No. l3 developed temporary distal ureteric
blockage, presumably due to catheter irritation or oedema
at the lower end. This patient required an additional 6

weeks oldouble J stenting.
The average hospitalisation was 5 days (range 3-9

days), follow-up average l5 months (range 3-36 months).
Endopyelotomy was successful in l0 out of l3 patients
(770lo), unchanged in 1 and lailed in the remaining 2

patients. Clinical and radiological evaluation o[ these
patients is shown in table 2. Figure 3 shows the appear-
ance ofan intravenous pyelogram I year after surgery.

The 2 lailed cases were primary obstructions and both
had had technical difficulties dunng the procedure. One
had absence ofdrainage through the PUJ at the post-oper-
ative nephrostogram at 6 weeks (patient No. 8), and the
second patient showed complete obstruction at the 6-

Fig.3. Post-operative pyelogram per-

lormed I year [ollowing endopyelotomy.

Table 2. Post-operative evaluation olpatients who had successlul

or unchanged endopyelotomy

No. ClinicaVradiologicalevaluation

Fig. 2. Pye o vsrs stent in sinr.

)
l
4

6

7

9

It
l3
t4
t5
r6

lVz 60-20 min differential lunction unchanged

TVz 70-20 min differential function l0-+l%
lVz l0-10 min dillerential lunction unchanged

T h 39-20 min differential lunction unchanged

radiotogy unchangcd. clinicrlly ùsymptomatic
radiology unchangcd. clinically asymptomatic
radiology unchanged. clinically tsymptomatic
radiology not available. clinically asymptomatic
intravenous pyelogram. excellent drainage

TV2 5,1-4 min differential function unchanged

1 Vz 30-l 5 min differential lunction unchanged

T V: - HaIf clearance ollhe DTPA isotope activity fiom lhe ¡enal
pelvis, Normal < t5 min.

month post-operative DTPA (patient No. i). Both these

patients had subsequent open pyeloplasty with successful

results. The previous endopyelotomy did not appear to

cause any technical problems at open pyeloplasty.

Discussion

The idea of a longitudinal incision into a stenotic ure-

ter and subsequent enlargement of the ureteral calibre
with postoperative stenting is not new. Alberran in 1909

and Keyes in 1915 have described a 'urétérotomie ex-

terne' [ 1, l2]. In the 1940s and 1950s, Davis et al. [12]
and Davis [t3], Oppenheimer and Hinman [4], and

Tan/Najmaldin/Webb86

25

Percutaneous Pyetoplasty in Children



Smart [ 5] reported their experimental and clinical expe-

rience in treating ureteraì strictures by direct incision and

stenting. However, the technique did not gain popularity

until 1983 when Whitfìeld et al. [6], and Wickham and

Kellet [7] described pyeiolysis (endopyelotomy) in which

the PUJ obstruction was approached percutaneously and

incised with a cold knife under direct vision. Since then,

more investigators have reported endopyelotomy in the

treatment of PUJ obstruction but in relatively small

groups of predominantly adult patients [9, 17, l8]'
In our group of paediatric patients, we attempted

endopyelotomy in 17 cases and had relief of obstruction

in l0 (580/o). However, allowing for the lact that 4 of our

17 patients did not come to endopyelotomy for the rea-

sons already outlined, l0 of 13 children undergoing endo-

pyelotomy have had a successful outcome. These results

are in Iine with those published previously (64-780/0) [8'
17], but not as good as the 870/o reported by Karlin et al'

[9]. However, these reports were mainly on adult pa-

tients.
On the basis of previously published work, there are

several factors which may influence the outcome of endo-

pyelotomy 18, 12, 14,15, 171. The age olpatients, the type

of obstruction, the duration of splinting, the size of the

splint, the presence of infection and/or stones have all

been implicated.
Very tittle is known about the place of endopyelotomy

in the paediatric population, particulariy the younger age

group. However, Kuenkel and Korth [17] have suggested

that older patients are more likely to have good long-term

results. In our series, there was a higher lailure rate for

technical reasons in endopyelotomy in our younger pa-

tients. However, a hrm conclusion cannot be drawn since

the series is too small and has too many variables.

Like previous investigators [8, 9], we have found that

secondary PUJ obstruction can be suitably treated by

endopyelotomy.
The technique of endopyelotomy we adopted is similar

to that described by Ramsey et al. [8] except for our use of
a single-increment dilatation [10]. We have abandoned

endopyelotomy in favour of an open pyeloplasty if we fail

to pass a retrograde guide into the peìvis ofthe kidney, but

others have suggested manoeuvres such as antegrade

placement of guide wire via a nephrostomy tract or even

retrograde manipulation with a flexible nephroscope [9,

18]. We have not attempted either of these manoeuvres as

it has been our experience that the PUJ can be very diffi-
cult to identify antegradely in an infant'

It has been suggested that failures of endopyelotomy

become evident within 6 weeks after the procedure [2].

'We disagree with this since I of our patients (No. 5) devel-

oped a total PUJ obstruction 6 months after endopyel-

otomy despite earlier satisfactory tests. Fufhermore, sec-

ondary obstruction is known to occur years after primary

open pYeloPlastY.

Endopyelotomy appears to have proved its merit in the

relief of secondary PUJ obstruction, especially in those

complicated by upper tract stones. However, the value of
endopyelotomy in primary PUJ obstruction is less clear.

To date, the number of patients treated with percuta-

neous endopyelotomy is small. In a series of 143 'mainly
adult' patients [17], perioperative bleeding that necessi-

tated transfusion occurred in 80/0, pneumothorax in 40lo;

the recurrence rate \ilas 1 00/0. In a retrospective study,

Karlin et al. [9] compared 56 endopyelotomies with 32

open pyeloplasties (patients not matched for age, type of
disease, time of study), and concluded that the morbidity
of percutaneous endopyelotomy was significantly lower

than that of open pyeloplasty.

In our study, however, we failed in 4 attempts at endo-

pyelotomy for technical reasons. Two other patients had

failed endopyelotomy and in both of these, we experi-

enced perioperative technical difliculties. A further pa-

tient required readjustment of the stent. Also, a patient

who underwent successful endopyelotomy had a tempo-

rary distal ureteral obstruction presumably due to stent

irritation or oedema. This patient required an additional
6-week double pig tail stent. In our hands, the average

duration of the procedure was not any shorter than an

open pyelopìasty. This may be because we are doing a sin-

gle-stage procedure. Our average hospital stay with endo-

pyelotomy was not signifìcantly less than the average stay

for open pyeloplasty.
We admit that this series is small and the follow-up is

too brief for ñrm conclusions to be drawn regarding the

role of endopyelotomy in the management of PUJ ob-

struction in children. However, our early experience sug-

gests that percutaneous endopyelotomy can be safely and

successfully performed in children with both secondary

and primary PUJ obstruction.
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Part Two

The watershed

lntroduction to laparoscopic surgery
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lntroduction:
Paediatric LaparoscoPic Surgery

Laparoscopic surgery is not new to paediatrics. Dr. Stephen Gans, one of the fathers

of paediatric surgery had investigated its use in the late sixties and early seventies,

and while he concluded that is was a very useful diagnostic modality, it had limited

therapeutic uses. The development of the CT scan and diagnostic ultrasound at

about the same time (1970) also heralded a new era in diagnostic capabilities, which

allowed the clinician to diagnose intra-coelomic pathology thereby almost completely

eliminating the need to perform endoscopic diagnosis. Hence, paediatric endoscopy

did not find favour with the exception of three pathological entities, laparoscopy for

intra-abdominal testes, cystoscopy to evaluate lower urinary tract pathology, and

upper airway endoscopy, particularly for removal of inhaled foreign bodies.

The turning point in paediatric laparoscopic surgery was 1989, when Professor John

\Mckham invited both Mr. David Webb and myself to the inaugural meeting of the

Society for Minimally lnvasive Therapy at the Royal lnstitute in London. lt was at this

meeting that Drs. Dubois and Perissat showed videos of laparoscopic

cholecystectomy, having performed a total of about 200 cases between them'

The significance of this was not lost on me, and at the meeting I enthusiastically

approached Mrs. Sybill Storz-Reling of Karl Storz to show me the paediatric

laparoscopy set. I was informed that no such set existed except for a simple

diagnostic set, because no one was doing any paediatric laparoscopic surgery'
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After much discussion with Mrs. Storz-Reling, I was asked to submit some

suggestions on the possible new uses of laparoscopic surgery in infants and children

and was invited to address the problem of instrumentation available.

The first step clearly is to evaluate existing adult instrumentation, and it was patently

clear that adult instrumentation was completely unsuitable because of their size,

shape of the bevels, and the type of valves used, which caused excessive gas leak,

and hence ditficulties maintaining pneumoperitoneum and core temperature.

Adult trocar next to an infant! Unsuitability of bevels in adult trocars

These instruments if used in young children would clearly be dangerous and hardly

minimally invasive. The shapes of the trocars and bevels were such that by the time

the cannula was inserted so that the bevel is completely in the peritoneal cavity, the

tip would have penetrated the posterior abdominalwall structures.

I therefore set about designing a complete new set of instrumentation for Karl Storz,

and the quickest way was to review all endoscopic equipment manufactured by Karl

Stoz and "borrowing" various already existing instruments used in ENT and other

specialties and modifying them to make them suitable for use in infants and children.
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The "first" paediatric laparoscopic set produced by
Karl Storz with my assistance.

Following a series of submissions, faxes and intense conespondence, the first

laparoscopic set was produced by Karl Storz in May 1990, and I was invited to

Tu¡ingen to meet Dr. Karl Storz himself and to be presented with the complete

paediatric laparoscopic set.

ln January 1990, after I returned from London, I met my colleague Mr. Peter Nottle

an adult general surgeon and informed him that some surgeons in Europe were

performing laparoscopic cholecystectomy. The signific€¡nce of this new advance was

not lost on him, and he immediately ananged to spend one month with Dr. Dubois.

On his return, he started performing laparoscopic cholecystectomy being one of the

first in Australia to perform this new procedure, and I in turn became an observer and

assistant leaming the new techniques acquired by Mr. Nottle.

Armed w1h the new laparoscopic set, I then started performing simple diagnostic

laparoscopy in infants and children primarily in the diagnosis of intra-abdominal
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testes, and by 1991, felt that I had developed sufficient skills and dexterity to embark

on more complicated laparoscopic procedures.

lnfantile hypertrophic pyloric stenosis is a relatively common neonatal condition, and

the conventional open procedure for this is very simple. This was a procedure I

thought that would lend itself well to being performed laparoscopically. I had also

developed the uTan" endotome and "Tan" pyloric spreader for this operation, and the

time was ripe to see if this operation could be performed endoscopically.

Our initial concern was whether the pylorus could be sufficiently well visualized, so I

decided to introduce a 4mm 0 degree arthroscope through several open

pyloromyotomy incisions and learnt that it was possible to visualize the entire pylorus

tumour and the "olive" very well.

We then attempted the first laparoscopic pyloromyotomy in December 1991, a

successful attempt. Several patients with infantile hypertrophic pyloric stenosis were

then referred to me in quick succession and we were able to repeat our success and

published our first paper on laparoscopic pyloromyotomy soon aftenvards.

The following is a series of papers on our initial experience with this procedure
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Abstract. Although great advances in laparoscopic tech-
niques have been made in the field of adult surgery, its
application in infants and young children has been limited.
We present a technique of lapa-roscopic pyloromyotomy
that has been successfully used in two babies, employing
specially made instruments. Laparoscopic surgery de-
serves further consideration in this age group.

O SpringerVerlag 1993

(Tutlingen) in developing a neonatal and infant operarive
laparoscopic set. We have successfully employed these
instruments for an increasing number of surgical pro-
cedures. The present report describes a safe and successful
laparoscopic technique for the t¡eatment of infantile hyper-
trophic pyloric stenosis.

Main topic

Laparoscopic pyloromyotomy
for infantile hypertrophic pyloric stenosis

H. L. Tan and A. Najmaldin

DepaÍment of Paediatric ,Srrrgery, Royaì Children's Hospital, Fìemington Road, Pa¡kville MelboLrrne, Victoria 3052, Australìa

Key words: Laparoscopy - Pyloromyotomy - Pyloric
stenosis

Introduction

Laparoscopy was poçiularised as a diagnostic and therapeu-
tic modality by gynaecologists in Europe. Recently, with
the development of laparoscopic cholecystectomy, more
interest in minimally invasive surgery has arisen [9, 15].
There are an increasing number of reports of successful
laparoscopic appendicectomy, gastric surgery, bowel re-
section, herniotomy, nephrectomy, and retroperitoneal
node dissection in adult patients. The attendant advantages,
namely, minimal surgical trauma, minimal scarring, lower
morbidity, shorter hospitalisation, and rapid recovery are
popular with surgeons and patients. Successful laparo-
scopic appendicectomy [13] and cholecystectomy [6] have
also been reported in children as young as 3 and 7 years of
age, respectively.

Widespread application of laparoscopic surgery in in-
fants and young children is lacking, as to date only a few
series have been reported worldwide, most of them dealing
with diagnostic procedures [1,4, 8, 11, 14]. The develop-
ment of operative laparoscopy in infants has largely been
impeded by the lack of specialised instruments. The senior
author has been working in conjunction with Karl Storz

Correspondence ¡or H. L. Tan

Patients and methods

Case l. A,4-week male infant was admitted with a s-day history of
projectile vomiting and weighr loss. The patient was mildy dehydrated
and had an easily palpable pyloric tumour. Foìlowing resuscitation and
with the informed consent of both patents, he underwent a laparoscopic
pyloromyotomy. The total operation time was 53 min. The baby was
commenced on feeds 12 h later and discbarged from hospital 30 h after
the pyloromyotomy.

Case 2. A 5-week male infant presented with rhe typical features of
infantile pyloric stenosis, including a palpable pyloric tumour. Lapæo-
scopic pyloromyotomy took 50 min. He was started on feeds soon after
returning to the wa¡d and was discharged from hospital 18 h after the
surgery.

Technique.'[he patient is positioned at the foot of the operating table and
the surgeon sits at the end, with an assistant on one side and the scmb
nurse on the other. The foot of the operating table should be removed
prior to positioning tbe patient to allow easier access for the anaesthetist,
who is positioned at the head of rhe table. The optimal posirion for rhe
video monitor is directly in front of the surgeon, as this lacilitates
eye-hand co-ordinalion.

To create the pneumoperitoneum, we make a 5-mm incision in the
upper margin of the umbilicus and pick up the linea alba above the
umbitical cicatrix. The linea alba is incised with a no. t I blade and the
peritoneum is picked up between two mosquito artery forceps. A small
incision is made in the peritoneum and a pneumoperitoneum established
by inserting a 4 mm cannula under direct vision. A 4 mn telescope is
inserted and insufflation maintained. A fold of skin is invaginated on
either side ofthe port, and by "sandwiching" the skin together with a 3/0
silk suture on each side we minimise gas leakage and stabilise the port at
the same time.

We use an insufflation pressure of 7 cm water, but increase it to
l0 cm if necessa¡y. The patient's pCOz is ðonstanrly monitored, and we
have not encountered âny anaesthetic or metabolic difficutties at these
pressures. Under direct videoendoscopy, the safest point oI entry for two
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other 4 mm instrument ports (Fig. l) are determined taking care to avoid
the infant's liver. Two atraumatic graspers a¡e inserted into these two
ports and the stomach and pylorus are identified. The tìrst part of the
duodenum.is grasped just distal to the vein of Mayo by the instrument in
the right hand port (Fig.2A). The pylorus is then ret¡acted inferiorly
away from the overhanging liver, which may otherwise obscure the

vlslon,
An endotome is passed through the left-hand port and a sero-muscu-

lar incision made, in the same manner as at an open operation (Fig. 2 B).
The endotome is exchanged for the specially built pyloric spreader
(Fig.2C), and the operation is completed (Fig. 2D). Air is insufflated
into the stomach to exclude an inadvertent mucosal perforation. Mucosal
perforations, should they occur, can be oversewn etdoscopicaliy. The
abdomen is then deflated and steristrips are used to close the micro-inci-
slons.

Discussion

The application of laparoscopy to infanrs and young chil-
dren was virtually unknown until 1971, when Ga¡s and
Berci investigated and reported the procedure as a safe
diagnostic measure [3]. Since that time, the laparoscope
has been used by a few surgeons to aid in the diagnosis of
hepatobiliary disease, intersex anomalies, and blocked
ventriculoperitoneal shunts [4, 8, I l]. Waldschmidt and
Schier have recently reported the feasibility of laparo-
scopic surgery in neonates and infants [14]. In a more
recent report, Alain et al. have described the laparoscopic
treatment of infantiìe pyloric stenosis [1].

Our technique of laparoscopic pyloromyotomy differs
from that described by Alain et al. \üe involve one assistant
instead of two, and have not found it necessary to use a
Palmer's needle to retract the liver. Instead, the trocars
themselves can be used as effective retractors while the
duodenum is being held with traction inferiorly. The
pneumoperitoneum is created with a Veress needle in-
serted under direct vision through a small periumbilical
incision and then replaced by a 4-mm trocar for the tele-
scope. Furtheûnore, our patients were discharged from
hospital 30 and 18 h after surgery, compared with 3 to
6 days in Alain's cases.

Infantile pyloric stenosis is the most coÍrmon abdomi-
nal surgical condition in infancy [0]. The standard treat-
ment is Ramstedt's pyloromyotomy, which is safe and
effective. However, open surgery is not without its prob-
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Fig. l. Three punctures
used for laparoscopic py-
loromyotomy: A Veress

needle, insufflation, and

video endoscope; B py-
loric grasper; C endotome
and pyloric spreader

Fig. 2. Intraoperative view of Iaparo-
scopic pyloromyotomy. A Duodenum
grasped just distal to pyloric tumour;
B Seromuscular incision by endo-
tome; C spreading of pyloric tumour;
D completed myotomy
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lems, and wound infection rates of l2Vo and clehiscence
and incisional hemia rates of 3Vo have been reported
[7, 16]. Endoscopic pyloric dilatation using â balloon cath-
eter has been tried, but the results are extremely variable
and inconsistent [5, l2). It appears that laparoscopic
pyloromyotomy may become an attractive altèrnative to
open surgery.

Lapaloscopy may offer possibilities for facilitating di-
agnosis and treatment in infants and children. The expo-
su¡e of the abdominal viscera is excellent and the visual
enhancement by the magnifying effect of the telescope is
an advantage. The surgical trauma is less severe thán in

site of the puncfure and the abdominal viscera even when
suffi cient pneumoperitoneum is created.

, In infants and young child¡en, diagnostic laparoscopy
has been shown to be a safe procedu;e t2l. V/ith rhe ad_

nd miniaturised endoscopic
therapeutic laparoscopy de-
ls age grouP.

Acknowledgemen¡s. The author wishes to thank K. Storz and N. Stenning
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Note added in proof

We have performed 20 laparoscopic pyloromyotomy since submission of
this paper without modihcation to the original technique as described.
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Early Experience With Laparoscopic Pyloromyotomy for Infantile
Hypertrophic Pyloric Stenosis

By A. Najmaldin and H.L. Tan
Melbourne, Australia

o The authors report on 37 infants with infantile hypertro-
phic pyloric stenosis who underwent successful laparoscopic
pyloromyotomy. The average age was 6 weeks and average
weight was 4.5 kg. Three 4-mm ports were used in each
procedure. The average operating time was 29 minutes
(range, 7 to 60 minutes), Feeding was begun an average of 5.2
hours (range.3 to 12 hours) postoperatively, and the average
time of discharge was 28 hours (range, 16 to 52 hours)
postoperat¡vely. There were no technical failures. One pa-
tient had minor surgical emphysema, which resolved sponta-
neously. Laparoscopic pyloromyotomy can be safe and suc-
cessful in infants with hypertrophic pyloric stenosís,
Copyright ø 1995 by W.B. Saunders Company

I
INDEX WORDS: Laparoscopy, pyloromyotomy.

|NFANTILE hypertrophic pyloric stenosis (IHPS)
I is a common surgical condition. Until now, the
proven safety' and effectiveness of open surgical
Ramstedt pyloromyotomy in the treatment of IHPS
have remained unchallenged. However, open surgery
is not without complications; wound infection, dehis-
cence, hernia, and duodenal mucosa perforation have
been reported.l-3

In recent years, technological advances have made
operative laparoscopy a reality in general surgery.a-ó
However, the application of laparoscopic surgery to
pediatrics has been Iimited.T-ro In a previous article,rl
we reported on the feasibility and the technique of
laparoscopic pyloromyotomy. Since then, we have
used this procedure in 37 infants with IHPS.

MATERIALS AND METHODS

The instruments and equipment consist of an infant operative
laparoscopic set (Fig 1) rhat was developed by H.L. Tan in
conjunctíon with Karl Storz (Tuttlingen), a Stoø Laparoflaror, a
high-resolution video monitor, and a high-inrensity cold light
source.

The procedure is performed with the patient under general
anesthesia. The technique is detailed elsewhere.lr Briefly, it
involves carbon dioxide insuffation via a 4-mm port that is inserted
under direct vision, using a small periumbilical incision. Two
accessory 4-mm ports, one in each upper quadrant, allow lor

without radiological studies. All fluid, electrolytes, and acid_base
imbalances were corrected before surgery. The patients, average
age was 6 weeks (range, 3 to 7 weeks) and average weight was 4.5 kg
(range, 3.5 to 4.8 kgs). There were 21 male and 4 female patients.

RESULTS

þloromyotomy was successful in all 37 infants.
There were no technical failures, bleeding, or muco_
sal perforation. There were no respiratory or anes_
thetic complications. One patient had minor subcuta_
neous emphysema around the right upper quadrant
port-site postoperatively, which settled spontane_
ously within a few hours. This was attributed to a
minor technical problem with a prototype instrument
that has since been modifiecl and has not caused any
other problems.

The operating time averaged 29 minutes (range, 7
to 60 minutes). The time between surgery and the
first feeding averaged 5.2 hours (range, 3 to l?hours).
Postoperative vomiting was rare, and the average
hospital stay was 28 hours (range, 16 to 52 hours).

There'üere no postoperative wound complications.
At the l-week and 6-week follow-up examinations, all
patients were asymptomatic.

DISCUSSION

Ln7973, Gans and BerciT reported that laparoscopy
is a safe procedure for infants, which provides a clear
view of the abdominal caviry and a satisfactory means
of biopsy and manipulation under direct vision. How-
ever, the technique did not gain popularity among
pediatric surgeons largely because of a lack of suit.
able instrumentation. Since then, the development of
appropriate instruments and high resolution video
monitors has allowed laparoscopic surgery to be
performed in a manner not possible previously. To
date, there are only three other reportss'e,12 of the use
of laparoscopy in infants; in one of these, it was used
in the treatment of IHPS.e However, these reports
lack details and definitions.

Thus far, our complication rate for this procedure
has been minimal. The minor surgical emphysema
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Fig 1, Set of ¡nstruments used for pyloromyotomy

Fig 2. (Al Grasper on first part of the duodenum. (B) Seromuscular
incision in tumor. (C) Spreading pyloric tumor. (Dl The mucosa is
bulging from a¡r insufflated into the stomach via a nasogastric tube.

that occurred in one patient was believed to be
related to a technical problem that has since been
resolved.

During the early part of the study, the operating

NAJMALDIN AND TAN

Fig 3. Surgical scar 1 week after laparoscopic pyloromyotomy.

time was nearly t hour. However, with the increasing
experience, the average operating time has been
reduced to 15 minutes. The resulting surgical scar is
minimal (Fig 3).

After laparoscopic pyloromyotomy, generally there
is minimal postoperative vomiting and a short hospi-
talization. This may be related to the fact that the
operation is performed entirely in situ, with minimal
disturbances to the intraabdominal structures. With
the open procedure, the stomach and pylorus must be
delivered to the outside. However, the djfferences
belween these procedures can be estabiished oniy by
a comparative study, which is presently in progress.

This early experience suggests that laparoscopic
pyloromyotomy can be safely and successfully per-
formed in infants with hypertrophic pyloric stenosis.
However, meticulous attention to detail and proper
instruments cannot be over emphasized.
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Pyloromyotomy: Comparison Between Laparoscopic and
Open Surgical Techniques

RONALD J. SCORPIO, M.D., HOCK L. TÄN, F.R.A.C.S.,
and JOHN M. HUTSON, M.D., F.R.A.C.S.

ABSTRACT

Several reports have appeared in the literature recently describing various techniques of
performing pyloromyotomy laparoscopically. Although there is no doubt that this is now
technically feasible, there are unanswered questions with regard to its safety, efficacy, and
potential benefits or otherwise to the patient. In an attempt to resolve some of these issues,
we compared the results in 37 infants who underwent open pyloromyotomy with 26 who
underwent laparoscopic pyloromyotomy. The two groups were similar in terms of sex, age,
weight, and presenting pH, although they could not be randomized. The time from feeding
to discharge was less for the laparoscopic group (1.4 days) compared with the open group
(1.8 days) (p = 0.04). Postoperative vomiting was not significantly different between the two
groups. The operating time was identical for groups, 29 min vs 27 min. There were 3 com-
plications in the open surgical group and 1 in the laparoscopic group. On the criteria mea-
sured, our results suggests that laparoscopic pyloromyotomy is at least as good as conven-
tional surgery, and offers the potential benefits of shortened hospital stay and minimal
cosmetic deformity.

INTRODUCTION

[lneoer aNo Les¡re rN 1907 pnnroRMED the first pyloromyotomy for infantile hypertrophic pyloric steno-
L' sis (IHPS) by performing a seromyotomy and closing the defect transversely by the Heineke-Mickulicz
method.l Ramstedt in 191I had difhculties closing the muscle defect and had to leave the muscle open and
covered the defect with an omental patch.2 In doing so, he proved that muscle closure was not necessary,
and Ramstedt pyloromyotomy became the preferred procedure for t¡eatment of IHPS.

The development of suitable laparoscopic instruments for infants has made it possible to perform py-
loromyotomy laparoscopically,3-5 and we compare the results of 37 infants who have undergone open py-
loromyotomy with 26 infants who underwent laparoscopic pyloromyotomy to see if there were any signif-
icant differences in the results between the two groups.

MATERIALS AND METHODS

Thirty-seven consecutive infants with IHPS wlio underwent ari open surgical pyloromyotomy at the Royal
Childrens Hospital, Melbourne, were compared with 26 consecutive infants who underwent laparoscopic

Department of General Surgery, The Royal Childrenls Hospital, Melbourne, Australia.
Presented at the Canadian Association of Paediatric Surgeons, Vancouver, September 1993
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pyloromyotomy. It was not possible to randomize the patients, as some surgeons preferred open py-
loromyotomy.

Data were recorded prospectively and included age, sex, pH, weight, operating time, time to feed, time
from feeding to discharge, length of hospital stay; and degree of postoperative vomiting. Diagnosis of py-
loric stenosis was based on history and palpation oi the tumor. In casês where the tumor was impapaUte,
ultrasound was used to confrrm the diagnosis. All infants were resuscitated to correct dehydration and any
metabolic imbalances.

The open surgical group (group A) underwent conventional Ramstedt's operation, using either a trans-
verse, midline, or umbilical fold incision. This group began full-strength, full-volume feeds 19-24 h after
surgery, and prophylactic antibiotics were used intermittently. The second group (group B) underwent
laparoscopic pyloromyotomy. Group B was commenced on full-strength, full-volume feeds on demand, at
an average of 7 h after surgery. All patients in this group were administered one dose of prophylactic ce-
fazolin at induction. Postoperative vomiting in both groups was classified according to the Spitz scale.6

Student's t-test and Fisher's Jxact test were used to compare the two groups.

Technique of laparoscopic pyloromyotomy

The technique of laparoscopic pyloromyotomy used in our institution has been described previouslya,s
and has not been modified since the original description. The telescope is inserted via a 4-mm cannula in-
serted through a periumbilical open incision in the linea alba, and two additional 4-mm cannulas a¡e in-
serted into each upper quadrant of the abdomen after insufflation of the abdominal cavity. Atraumatic grab-
bing forceps a¡e introduced into each of these upper quadrant ports, and the tumor identified by retracting
liver away from the pylorus, grabbing the fust part of the duodenum, and retracting it inferiorly, away from
the overhanging liver edge.

þloromyotomy is performed with a special purpose-built endotome, and the operation is completed by
splitting the tumor with an endoscopic pyloric spreader. Mucosal integrity was checked by injecting 3f50
mL of ai¡ via a nasogastric tube to distend the stomach while watching the mucosa pout. The abdomen was
desufflated, the line alba was closed with a pursestring suture, and steristrips were used for skin apposition
at the secondary puncture sites.

REST]LTS

The open surgical group, group A, consisted of 33 males and 4 females, with a mean age of 4.55 weeks
and a mean weight of 3.88 kg (Table l). The laparoscopic group, group B, had 2l males and 5 females,
with a mean age was 5.1 weels and a mean weight of 4.01 kg. There were no significant differences in the
demographic data of the two groups.

Mean anesthetic time for group A was 27.3 min, and anesthetic time for group B was 29 min. The dif-
ference between time of operation and onset of feeds was significant, with group A being 21.2 h and group
B being 7.3 h. The time from feeding to discharge was 1.8 days in group A and 1.4 days in group B (p =
0.014). Mean hospital stay for group A was 4.2 days and for group B was 3.8 days þ > 0.05) (Table 2).

It should be noted the patients in group B were discharged sooner after surgery. They were commenced
on feeds earlier, and the time from feeding to discharge was also significantly shorter. The postoperative
stay for group A was 63.4 h compared with 40.9 h for the group operated on via the laparoscopic route.

TnsLE l. DB¡r¡ocncpgrc Dnrn

Open procedure I-aparo s c o p ic pro c e dure p value

Age (weeks)
Weight (kg)
pH

4.55 ¡ 2.29
3.88 t 0.69
7.46 x. 0.06

5.15 x.2.2O
4.01 t 0.87
7.49 x.0.73

NS
NS
NS
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T,c¡r-e 2. Ou'rco¡ue D¡rn

Open procedure Laparoscopic procedure p value

Operating time (min)
Time to feeds (h)
Time from feeds to

discharge (days)
Hospital stay (days)

27.3 x. 10.4
21.2 x.3.0

1.8 + 0.6

4.2 *.1.5

40.2 x. 19.4
7.3 t 5.0
1.4 t 0.7

3.8 t 1.7

0.004
0.000
0.014

NS

There were 3 complications in group A, 2 wound infections and I wound dehiscence. None of these 3
patients had received prophylactic antibiotics. In group B there was 1 complication, a¡r infa¡rt who devel-
oped subcutaneous emphysema, which resolved after 6 h with no ill effects. The complication rate was not
signihcantly different between the two groups. Postoperative vomiting was measured by the Spitz scale.
Group A had27 patients in category 1 (no vomiting) and 10 patients in category 2 (an occasional vomit).
In group B, there were 16 patients in category 1 and 10 patients in category 2. There was no statistically
signifrcant difference between the incidence of postoperative vomiting in the two groups (Table 3).

DISCUSSION

This study demonstrates that laparoscopic pyloromyotomy is as safe as conventional open surgery for
IHPS. There does not appear to be any statistically signifrcant differences in the complications between the
two groups, although the number of patiens is still small. However, it can be argued that the risk of wound
dehiscence is eliminated altogether by a laparoscopic approach. It can also be argued that any wound sep-
sis following laparoscopy would have far less serious consequences. A confounding factor is that all the
laparoscopic patients received prophylactic antibiotics. The rationale for this is that the incision is in the
umbilical fold, which is known to be a major source of pathogenic organisms. Therefore, such patients are
particularly at a higher risk of wound infection.

Laparoscopic pyloromyotomy can be perforrred in the same amount of time as the open procedure in
ou¡ series. With a futly trained and organized tean, it can take as little as 7 min to perfonn the procedure
laparoscopically from incision to skin closure, ¿ìs was the case with I patient in this series, and laparoscopic
pyloromyotomy could evolve as the quicker of the two procedures if time is an issue.

Although there is no statistically signifrcant difference in the postoperative vomiting between the two
groups, we were able to cornmence feeds much ea¡lier in the group undergoing laparoscopic pyloromy-
otomy. Scharli and LedischkeT have demonstrated that normal gastric peristalsis does not retum for at least
24 h after open pyloromyótomy, and they attributed this to gastritis. However, we challenge this view and
believe that gastric aperistalsis is the result of the handling of the stomach requirçd to deliver the tumor
through the wound using conventional pyloromyotomy. Laparoscopic pyloromyotomy can be performed
entirely in situ and avoids needless handling.

An important consideration is minimization of the physical trauma and deformity from surgery. There
can be no doubt that laparoscopic pyloromyotomy offers significant cosmetic improvement over conven-
tional pyloromyotomy. Tan and Bianchis reported pyloromyotomy through a periumbilical incision, and al-
though it offers similar cosmetic advantages, it is our experience that it can be difficult to deliver the tu-
mor, and there is significantly more trauma to the stomach from the traction required to deliver it with this
approach. Bianchi's method does not eliminate the risk of wound dehiscence.

T¡,sI-B 3. Posropenlrrw Vor"rmNc

scaleSpitz Open procedure Laparoscopic procedure p value

I
2

27
t0

NS
NS
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es that I

entional
formity.

uate the two procedures. However, this pilot study h
forming the procedure laparoscopically.
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Further developments in Paediatric Laparoscopic Surgery

Although there was indeed general intrigue, outcry and concem about the

introduction of laparoscopy into paediatric surgery by many of the elder statesmen of

paediatric surgery (like there was initial resistance to laparoscopic cholecystectomy),

there was equally, considerable interest expressed by many paediatric surgeons in

these new laparoscopic procedures that were being introduced in paediatric surgery

and paediatric urology.

\Mth increasing demands for workshops, I conducted the first intemational workshop

on paediatric laparoscopic surgery at the Royal Children's Hospital in 1992. This

was attended by a large number of delegates from Australia and overseas.

ln the ensuing years, several "neW' procedures were developed, and form the basis

of the next set of published papers, including a chapter in an book on adult

laparoscopic surgery.

Among this set of publications are the first known reports of laparoscopic

adhesiolysis, ovariopexy, thoracic vertebral biopsy and cysto-prostatectomy in

paediatric patients.
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Laparoscopic ovariopexy for paediatric pelvic malignancies
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Abstract. Ovariopexy can prevent radiation damage to the
ovaries in children undergoing pelvic irradiation, and
should be considered prior to radical curative radiotherapy.
We report two children who have had successful laparo-
scopic ovariopexy, and advocate its use in conjuncúon
with local radiotherapy in childhood malignancy. It re-
duces iatrogenic trauma significantly and assists with stag-
ing and managing paediatric pelvic malignancies.

Key words: Laparoscopy - Ovariopexy

Introduction

The management of paediatric malignancies has under-
gone significant changes in recent years, tending away
from radical extirpative surgery to a more conservative
approach [3]. Chemotherapy, combined with local ¡adio-
therapy and limited excision, has allowed conservation of
function without compromising the success of therapy in
pelvic malignancies of childhood [4].

A major morbidity associated with pelvic irradiation is
ovarian ablation [1]. This can be prevented by ovariopexy,
which reduces the radiation dose to the ovary.'We report
two successful cases of laparoscopic ovariopexy in chil-
dren and advocate its use in children requiring pelvic ir-
radiation. The benefits in children undergoing multimodal
therapy are discussed.

Case reports

Case L A,2-year-old girl (16.2 kg) presented with a history ofitching and
soreness of the labia. A polypoid mass was seen protruding f¡om the
vaginal opening, and pelvic ultrasound confirmed the presence of a
midline mass behind the bladder. A biopsy of this lesion confirmed the

Correspondence ¡o.' H. L. Ta¡
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Fig. 1. Scheme of operating theatre layout

diagnosis of a rhabdomyos¿t¡coma. She was started on chemotherapy
consisting of vincristine, cyclophosphamide, and adriamycin. The¡e was
an excellent clinical response to this regime, with macroscopic disap-
pearance of the tumour. It was decided that locaiised radiotherapy would
be given in lieu of extirpative surgery. Iridium curietÏerapy was advo-
cated, and was combined with laparoscopic ovariopexy.

The patient was positioned at the foot ofthe table in the Lloyd Davies
position and a s.ilastic ureth¡al catheter introduced to empty the bladde¡
(Figs. I and 2). She was tilted head down to allow the viscera to be
retracted away from the pelvis. Nitrous oxide \ras not used in the
a¡aesthesia to minimise gaseous distension ofthe bowel. A mini-laparor
omy was performed by making a 5-mm inf¡a-umbilical incision, picking
up the linea alba and incising it and t¡e peritoneum to gain access to the
abdominal cavity.

A purpose-built paediatric 4-mm telescope port was introduced
directly into the abdomen and a COzpneumoperitoneum established. Gas
leak was minimised by Eansfixing the 4-mm port with a 3/0 purse-string
suture. TÌvo further ports were established, one in each iliac fossa, under
direct internal video endoscopic conhol to prevent damage to the inferior
epigastric vessels (which are prominent in this position) and the underly-
ing viscera. Atraumatic graspers were inüoduced into each of these ports
and a very thorough pelvioscopy performed. The graspers were used to
manipulate the uterus, adnexae, and all the innapelvic viscera to allow
betterinspection. The endoscopic view obtainable was unsurpassed, even
better than that obtainable at open surgery.
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Fig.3. Left ovary being pegged to lateral abdominal wall

No macroscopic ext¡avesical tumour was identified, but a srnall,
brownish lymph node was seen overlying the common lliac vein. The
lymph node was removed laparoscopically for histology, and both ovar
ies were then identifred in the pelvis and delive¡ed into the abdomen
proper. Each ovary was grasped by the atraumatic forceps in the left iliac
fossa instrument port and a 3-mm needle holder was inúoduced into the
right lower quadrant instrument port. A 0 chromic catgut endoloop was
introduced into the same port and the ovaries were sutured to the lateral
aMominal wall 2 cm above the pelvic brim using an extracorporeal
knot-tying technique (Fig. 3).

Ten hollow 16-gauge stai¡rless steel guide needles were implanted
üansperineaìly and their positions were verified laparoscopically. The
legs were immobilised in a hip spica to prevent dislodgement. A mor-
phine infusion was used for sedation during the period that the needles
were in sihr. Two courses of radiotherapy were administered. The post-
operative course was uneventful.

Fig. 2. Patient I positioned with tele-
scope port inserted in infra-umbilical
position

Case2. A2-yearold, child (11.45 kg) with a yolk sac tr¡mour of the
vagina was initially treated with chemotherapy alone. Persistendy raised
alpha-fetoprotein levels suggested persistent tumour. An examination
under anaesthesia demonstrated a l-cm nodule in the left fomix of the
upper vagina. Of the two options offered, i.e., radical surgery versus
localised radiotherapy, the parents decided to accept localised radiother-
apy with ovariopexy.

The technique and position adopted were simila¡ to those of the first
patient. A thorough pelvioscopy failed to find evidence of tumour spread.
The ovaries were fixed laparoscopically in a similar way to case 1. It was
decided to attach metallic clips to each ovary to assist in dose calcuìation.
Unfortunately, the only clip applicator currently available requires a

10-mm cannula. To inhoduce the 10-mm cannula, the umbilical tele-
scope port was removed and the umbilical incision extended to allow its
insertion.

Following successful ovariopexy, the hollow ¡adiation needles were
again inserted under direct Ìaparoscopic control. The child's legs were
immobilised in a hip spica as previously. This patient aiso had an un-
eventful recovery from the procedure, and the use of a larger instrument
port in the umbìlicus had no adverse physical or cosmetic effect.

Discussion

In recent years, the emphasis in the management of paedi-
atric malignancies has shifted away from radical extirpa-
tive surgery to a more conservative approach using a com-
bination of chemotherapy and limited surgery. We have
also seen the introduction of localised curietherapy as

definitive local therapy.
A signihcant morbidity of pelvic irradiation in females

is ovarian dysfunction. Ovaries left in the radiation field
suffer seve¡e insult, resulting in complete ablation. Tech-
niques of ovarian displacement and shielding can decrease
gonadal irradiation by 80Vo-90Vo. Stillman et al., in a

study of 182 long-term survivors of childhood canceÍs,
found ovarian failure in 687o of children with ovaries
within the radiation field. Those with ovaries at the edge of
the f,reld had signihcantly less ovarian dysfunction (147o),
and those ovaries that were out of the treatrnent field did
not have evidence of dysfunction [6].
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Interstitial and intracavity curietherapy significantly re-
duces the dose to normal tissues, which is particularly
important in paediatric patients. However, because of the
proximity of the ovary to the target volume and the rela-
tively low dose (10-20 gy) required for ovarian ablation,
ovariopexy is required in most cases to conserye ovarian
function. Flamant et al. reported normal masses and ovar-
ian function in 10 to 11 patients with adequate follow-up
following curietherapy for vulvovaginal rhabdomyosar-
coma. To date, 2 healthy patients have delivered three
healthy children [2], Clearly, then, ovariopexy is an impor-
tant procedure to consider in children undergoing pelvic
irradiation, and laparotomy has until now been the only
effective means of performing ovariopexy.

Laparotomy in children with malignancies is not
without morbidity. Apart from the iatrogenic trauma of a
large surgical scar, there is a significant risk of wound
dehiscence, infection, and ventral hernias following lapa-
rotomy in children undergoing chemotherapy for malig-
nancies. Laparoscopic ovariopexy eliminates such risks
and brings with it the attendant advantages of "minimally
invasive surgery", namely, much quicker convalescence
and much less pain. Additionally, we believe that the view
obtained at pelvioscopy using the current state-of-the-art
video equipment is unsurpassed, as the image is magnified
four times. This has the added advantage of increasing the
accuracy ofradiation needle placement in and around the
tumour in patients undergoing local radiotherapy with in-
terstitial curietherapy.

Piouvost et al. have reported successful laparoscopic
ovarian fixation in adults, but no cases of laparoscopic
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ovarian hxation in children have been reported previously
[5]. This may be due to a lack of suitable instrumentation,
as the instruments currently in use for adult laparoscopic
surgery are unsuitable for use in small children. The senior
author has developed a range of laparoscopic instruments
that can now be used safely in young infants and children
and has reported successful pyloromyotomy using this set.

Our experience with these two patients leads us to
believe that operative laparoscopy will have a significant
role in the management of childhood malignancy, not only
as a therapeutic tool for procedures such as ovariopexy and
tissue sampling, but also as a useful diagnostic modality.
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Abstract. Intra-abdominal adhesions a¡e a well-known
complication of laparotomy. 'We report our initial experi-
ence of ten children undergoing laparoscopy for the diag-
nosis and treatment of intra-abdominal adhesions. Sig-
nificant adhesions were found in seven patients and suc-
cessfully treated laparoscopically. Two patients required a
second procedure, the lust for recurrent adhesions 6 months
following laparoscopic adhesiolysis, and the second be-
cause of an initial unsuccessful attempt. Even very ex-
tensive adhesions can be treated effectively and salèly with
very low morbidity. There were no conversions to open
laparotomy. It has been our observation that pain localised
to a healed laparotomy incision may be caused by adhe-
sions to the undersurface of the scar, and lysis of these
adhesions resulted in resolution of the pain in our patients.

Key words: Pediatric laparoscopic surgery - Laparoscopic
adhesiolysis

Introduction

Intra-abdominal adhesions are a known complication of
previous open surgery [3]. Hxcept fbr patients presenting
with frank evidçnce of bowel obstruction, it can be difficult
to determine if recurrent abdominal pains are caused by
post-operative intra-abdominal adhesions. Routine in-
vestigations a¡e often of limited value, and laparotomy is
rarely indicated unless there is corroborative evidence of
small-bowel obstruction.

'We have been exploring the role of laparoscopy in the
diagnosis and management of post-operative intra-abdom-
inal adhesions, and present our hndings. Although previous
surgery has been reported to be a contra-indication to la-
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paroscopy [4], we have found that, with attention to detail,
it can be performed safely. We report the use of laparoscopy
for the diagnosis and treatment of suspected intra-abdom-
inal adhesions in ten children and discuss the technical
aspects and results of the procedure. Our results indicate
that laparoscopy may be the investigation of choice in
patients with suspected intra-abdominal adhesions,

Materials and methods

During the period June 1992 to June 1993, ten patients underwent la
p¿uoscopy for suspected adhesions. Their presenting symptoms were
post-operative recur¡ent incomplete small-bowel obstn¡ction or severe
recurrent abdominal pain following conventional laparotomy. All pa-
tients were investigated prior to lapüoscopy with plain radiographs of
the abdomen. An abdominal ultrasound (US) exarnination and barium
meal follow-through were aìso performed in children presenting with
abdominal pain only and in those who did not have radiological or
clinical evidence of small-bowel obstruction. None ofthese investiga-
tions were of predictive value except for the exclusion of constipation
and other non-related pathology, such as ovarian pathology. Patients
underwent laparoscopy if they had evidence of dilated fluid filled loops
ofsmall bowel on plain radiograph or they had pain suffrcienr to intenupt
their life-style.

Open laparoscopy using the Hasson [2] technique is used in all
laparoscopic procedures in ou¡ institution, even in patients without
previous abdominal surgery. Blind punctures in children are especially
hazardous, and are contra-indicated in patient with previous open
surgery. All secondary cannulae a¡e inserted under vision, well away
from any abdominal-wall adhesions, to minimise the risk of iatrogenic
visceral injury. Placing accessory carmulae well away from a¡rterior
abdominal-wall adhesions also facilitates the manipulation of inst¡u-
ments.

Adhesiolysis is performed in three steps. It is impotant initially to
detach all adhesions between the abdominal wall and the underlying
omentum or bowel (Fig. 1). Adherent bowel loops a¡e deøched with
sharp scissor dissection to avoid inadvertent perforation. Particula¡ care
is taken with loops of bowel attached to the internal scar to ensure that
the¡e are no associated Richter herniae. Loose fibrinous adhesions are
detached using a monopolar diathermy hook,

The next step in adhesiolysis is the freeing of omentum from the
underlying bowel, to gain adequate access to the underlying small bowel
(Fig.2). The omental adhesions are best detached as close as possible to
their serosal attachment, as this is virnrally a bloodless plane. Care is
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Fig. 1. Endoscopic appearance of extensive adhesions to anterior
abdominal wall

Fig. 2. Adhesions between omentum and underlying bowel

taken to ensure that appendices epiploicae are not mistaken for omen-
tum, as bleeding can ensue from epiploic vesseis, which may be difhcult
to identify as they retract into the surrounding fat when divided.

The bowel can only be adequately inspected after freeing omental
adhesions. As in conventional open adhesiolysis, we start the inspection
of the small bowel at the ileo-caecal junction and "walk' proximally to

the duodenojejunal flexure. The loops ofbowel can usuaìIy be inspected
with ease by passing each loop from one pair of forceps to another in a

two-handed fashion (Fig. 3). "Bread and butter" adhbsions can usually be

separated by gentle traction, but more fibrous adhesions require sharp

dissection with micro-endoshears. It may be necessary to tilt the patient
to facilitate inspection of the bowel, and it is often necessary to tilt
patients into steep positions to allow bowel loops to fall away from the
surgical held. Laparoscopic adhesiolysis ca¡ be tedious, but with
attention to detail it has been our experience that even extensive
adhesions can be successfully lysed.

Fig. 3, "Bread and butter" adhesions viewed endoscopically

Results

During the period ltne t992 to June 1993, a total of ten
patients underwent laparoscopy for adhesiolysis for sus-
pected intra-abdominal adhesions. Six were following ap-
pendicectomy and one each after urinary undiversion,
major omphalocele repair, Duhamel's pull-through, and
laparotomy for malrotation. Significant adhesions were
found in seven patients involving the abdominal wall,
omentum, and bowel loops. Four had omentum adherent to
the internal abdominal wall scar and caecum. Three had
extensive adhesions involving the abdominal wall, omen-
tum, and bowel. All adhesions were completely lysed in
these children.

Laparoscopy was initially unsuccessful in one patient
due to complete obliteration of the abdominal cavity. This
patient had had multiple open operations following delayed
closure of an exomphalos major, and presented with re-
current incomplete small-bowei obstruction. US was sub-
sequently performed on this patient, demonstrating free
movement of underlying bowel in the right lower quadrant
of the abdomen. He has subsequently undergone a second

laparoscopy, and on this occasion a 1-cm open laparoscopy
incision was made in the right lower quadrant and very
extensive adhesions were identified and completely freed
using a total of four ports. The patient is now completely
asymptomatic.

No adhesions were found at laparoscopy in three pa-

tients presenting with severe colicky abdominal pain sug-
gestive of adhesions. One patient had a recurrence of ab-

dominal pain 6 months following laparoscopic adhesiolysis
for very extensive adhesions. At repeat laparoscop¡ the

omentum was again adherent to the caecum and further
adhesions had developed between several loops of terminal
ileum. These new adhesions were lysed and she has been

well since.
The mean operating time was 60 min (range 40-

240 min). Blood loss was minimal and no bowel perfora-
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tion occurred. One patient developed sepsis at a trocar site,
which resolved with antibiotic therapy. The only compli-
cation was non-bilious post-operative vomiting in seven
patients. There was no conversion to open laparotomy in
any case. Unlike conventional adhesiolysis, naso-gastric
drainage was not used in any patient, and patients did not
develop post-operative ileus. The average post-operative
stay was 2.2 days. The patients have been followed for up
to I year and remain well and pain-free.

Discussion

Laparoscopic adhesiolysis has only been described in adult
patients []. To our knowledge, this is the first report of
laparoscopic adhesiolysis in children. This initial report
demonstrates that adhesions can be treated effectively,
safely, and with minimal morbidity laparoscopically.

The incidence of recurrence of adhesions following la-
paroscopic adhesiolysis is not known, but as there is less
handling during laparoscopic adhesiolysis, it is possible
that there would be a decreased propensity to recurrence.
We have found laparoscopy especially useful in children
with post-operative recurrent abdominal pain without
clinical or radiological evidence of small-bowel obstruc-
tion. 'When one suspects, but cannot prove, the presence of
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adhesions, there is a natural reluctance to perform a con-
ventional laparotomy. Laparoscopy is a much more readily
acceptable option and provides the ideal diagnostic mod-
ality.

In seven (7O7o) of our patients adhesions were found to
be responsible for the recurrent abdominal pain, and in the
rest (3OVo) we were able to exclude adhesions as the cause
with certainty. All these patients have subsequentþ been
diagnosed as having other non-related pathology. It has
been our observation that pain localised to the healed lap-
arotomy incision may be caused by adhesions to the un-
dersurface ofthe scar, as lysis ofthese adhesions resulted in
complete resolution of the localised pain in our patients.
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THORACOSCOPIC BIOPSY OF A PATHOLOGICAL VERTEBRAL BODY

H. L. Tnx.x p. J. McMuRRtcK.*, T. E. M'RRrrr-\\,i, ,\N[) I. p. ToRooei*Deparlment of Surgert. The Royal Childreti s ì.\lt¡¡ttslt t/r¡ir.c,r.,ri¡r. D¿Alfi'ed Hospiral, Prahran and iD¿pqt.lntettt of Ttt<, R:,,,vllt ò',,|,ìiir,"r'.1'ili,l,iliïi,.4rì,,:[r:;,i;
l'ictot'ia.

When computed tomograph.r (CT) 
-suided biopsy of a patholo_eical rer.rebrul bo(j\, l.¡ils. t¡e accepted 

'ltenrati*e 
hus beenopen thoracotomy and biops¡. The aurhors o,iih to reporr the use ol. , rh.*

thoracic uertebra in a child. atìer an unsuccessfur arrempr ar cr -euidecr o"r..i,i,',::,:'..1]i;lï.:il"tn 
to biopsl ol a parholo-uìcal

Key words: biops.r', thoracoscop.r., vertebra.

INTRODUCTION
The. morbidity associated with open thoracoromy has ledto the increasing acceptance ol video_assisted thoraco_
scop), as an attractive altematir.e to open thoracotomv. lt
has been clearll, demonstrared rhar ¡häracos.";t i, ;;;-ciated with a lower morbidìt¡ and consideiabll, less
functional disabil it1,. ¡.:

CASE REPORT

_ Correspondence: H. L. Tan. Chief ot.Endosurgicul Services. TheRoyal 
.Children's Hospirul. Flernirrgrorr nor¿. pril¡lrJ. vic. -1052.A ustra I ia.
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Fig.. l. P,\ \-rrr <lernonstnrtinq ¡.educed disc splce rt T7_Su'ith eullr b(ìtìe dc.stt.uctlolr. consiste¡lt u,ith tliscitis o¡,
osteolnr eliri:

netil¡n] in llre rc.gion ol T7 I to ¿ì sol.t ti::r,-
¡luss in fì'trnr ol'lhc ve rlc.bra ã.n o,., .,.,,,lp,,r..i'totno,ulir¡'rhr rCT) sca¡. Tl $,erL. c¡t1sistr,¡t
with osteonl.r c'litis. but lr M as non_rc_itcti\ 1..

Attenrprs rtr l)L.t.cUt¿ulL,ous lteeclle biops;, 01.this lc.sioll
u¡ldc¡' CT Suirllrrrce. wcrL- unsuccesslirl. As a¡ trltcnltrtir r,
to opct'ì tllrìt.irc()t()tìly arrrl bio¡_ls¡,. a thorilcoscopic lrp_
prolclr \\lt\ lrtol)()sc(l altil the rechniquc. \r.¿rs srrccrlsslìlllr
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Fig. J. Ltrtelal r icrr of rhe clip c¡¡tìr¡ri¡g thr. rirc ()i biopsy
{ \cù itft ()\\ ).

Fig. 2. Lateral X-ray demonsrraring the same changes.

trialled in a single infant domestic pig as a prelude ro
attemptit't-g the procedure on this parient.

The patient was anaesthetised. paralysed iìnd \ eutilated
with a single lumen endotracheal tube and placecl in a Ietì
lateral. semi-prone position. A ri_eht thoracoscopy was
performed alter delìating the lun_s by insulflarion ol COI
at 4 mmHg pressure through a blunt 5 mm trocar intro-
duced in the 5th intercostal space at the anterior axillary
line. The affècred verrebral body was readily identified,
with anterior swelling and detbrmity. Three more cannu-
lae were inserted, one tbr lung retraction. and the others
to pertbrm the thoracoscopic mnnipulation.

The pleura overlying the vertebra was incisecl and
overlying vessels diarhermied. The syrnpatheric chain
was iclenrified and swept laterally providing excellent
exposure to the anterior surface of the vertebral bodies.
The invertebral discs above and below the ìesion were
clearly identified. A 4 mm diameter paecliatric laparos-
copic biopsy lorceps was thetr introduced and several
biopsies were taken from the appropriare vertebral bocly.
A titanium clip was then attached ro the verrebral body.
which confirmed that the appropriate site was biopsiéd
(Figs 3, 4). The lung was re-inflatecl, ancl rhe wound
closed wirh steri-strips and a Te-gaclenn dressing. No
intercostal drain was used.

The patient made a completely uncomplicated recovery
and was discharged 24 h after.sur-qery ro awair histology.

Adequate histology samples were obtained. and these
showed acute non-specific intìammatory chan-ses consist-
ent with discitis. The patienr was m¿tna_sed rvirh oral
antibiotics and has macle an uneventfuI recover\..

DISCUSSION

Although successtirl thonrcoscopic proceclures are incrcns-
ingly being reportecl. to the present uuthors' knowletlge.
thorucic vertebral biopsy hirs not bee'rr prcviously rie-

FiÉ¡. J. P.\ [ilnl tuken uùer rhe rhtrrlrctrscopic biopsr rr ith a
ntctullic clip Iclt ¿¡r ri¡¿r ut th.. lcrcl lronl rrhicll rlrc hiop._, ,r,us
t¡.rkerr. Ìtr corrtìnn tllut thc \pe\jirìì!'n hlrrl becn obtlrinctl fl.tlltt rhe
e rrt-r'cct lcr cl (sec ltt't'o\\ ).

:crilrcrl. !llre k cr ¿rl. rlcscribccl tllc tll.uilrurc ()l iuì inter-
r cltclrlul tllonre ie spirrlrl ubsecss.'

-l-llc 
uusc s ith * hie h thc- r cr.tclrnrl lrtrtlr rrntl the purhol-

()!\ (i.uì lre lrPprt,irelrctl thor.ucost.tr¡rielillr lcltls rrl the
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5li:l1"1 a rhoracoscopic approach to rhe anrerior spinal
column should be considered r¡,hen CT guided p.rärtu_
neous needle biopsies fail to yield results.
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Case report: laparoscopically-assisted
cysto-prostatectomy

Minimally lnvasive Therapy 19çN:3i. 207-210

lnlroducüon

The bladder is an intra-abdominal organ in infants and

easily accessible þy conventional surgery. However, sur-
gical access to the prostate and urethra is more difficult,
as these structures are deep to the arch of the symphysis
pubis. lt ¡s sometimes necessary to perform a symphysio-
tomy to gain surgical access to the urethra, especially
if the pelvis has been irradiated previously. We report
our experience with the laparoscopic approach to the
bladder, and describe a laparoscopically-assisted cysto-
prostatectomy for recurrent rhabdomyosarcoma in a small
child. The bladder and anterior urethra were mobilized
entirely by laparoscopic methods, and were delivered
through a 5cm ffannensteil incision. An ileal conduit
was fashioned at the same time.

Correspondence: Mr H.L. Tan, Department of Surgery, The Royal
Children's Hospital, Flemington Boad, Parkv¡lle, Victoria 3052,
Austral¡a.

H.L. TAN ra¡cs & J.M. HUTSON no, rnncs
Depanment of Gene'al Surgety, The Eoyal Children's Hosptial, Mølbowne, Australia

Summary. A zl-year-old child presented with recurrence of an embryonal rhab-
domyosarcoma following previous limited excision, chemotherapy and pelvic
irradiation. A decision was made to excise the bladder and prostate and a pre-
liminary staging laparoscopy was performed to exclude extra-vesical meta-
stases. lt was evident that excellent access to retropubic structures could be
obtained endoscopically, so informed consent was obtained for a laparoscopic
cysto-prostatectomy. The bladder, bladder neck and urethra were entirely
mobilized laparoscopically. Total laparoscopic t¡me was 90min and blood
loss 150m|. The need to create a permanent urinary diversion allowed us to
make a 5cm Pfannensteil incision to deliver the bladder and fashion an ileal
conduit through this small incision. The patient made an uneventful recovery
and was discharged atter 6 days. Combining laparoscopy with conventional
open surgery allowed us to gain access to a difficult anatomical site. Given
the right indications, laparoscopic assistance can reduce considerably
the iatrogenic trauma of open surgery and can facilitate the surgical exposure
to structures normally inaccessible by a conventional eldensile surgical
approach.

Keywords: laparoscopy, prostate, rhabdomyosarcoma, cysto-prostatectomy

Case reporl

The patient, a boy aged 4 years and I months, presented

with recufrent rhabdomyosarcoma of the bladder follow-
ing local excision, chemotherapy and localized pelvic irra-
diation. There was no evidence of metastatic disease, and
a staging laparoscopy with node biopsy showed no evi-
dence of extra-vesical spread. A cystoscopy performed
at the same time confirmed extension of the tumour from
the trigone to the posterior urethra.

Cysto-prostatectomy with permanent urinary diversion
was otfered as the only treatment option possible, and
informed consent was obtained to perform all or part of
the excision laparoscopically, in an attempt to reduce
surgial trauma to the child.

Operalion detalls

The patient was placed in a Lloyd Davies position and a
8F gauge silastic Foley balloon catheter inserted. The

207
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entire abdom€n and perineum was prepared and draped'

and peri-operative cephalosporin and metronidazole was

administered. The patient was tilted into a steep Trende-

lenburg position, and a 4mm reusable cannula was

inserted through an intra-umbilical skin crease incision

using the 'Hasson'technique [1].

The abdomen was insufflated to 12 mmHg pressure,

and 5.5mm instrument cannulae were inserted in each

iliac fossa, taking care to avoid the inferior epigastric ves-

sels. A further 11 mm instrument port was inseñed in the

midline between the symphysis pubis and umbilicus' to

allow larger instruments to be ¡nserted for haemostasis'

The bowel was retracted from the hollow of the pelvis

into the abdomen. After ensuring that there was no

evidence of extra-vesical tumour, il was decided to pro-

ceed with excisional surgery. The peritoneum over the

dome of the bladder was incised under tension with mono-

polar hook diathermy, and the dome exposed (Figure 1). lt

was grasped with a pair of toothed spring-loaded graspers

and counter traction applied between it and the anterior

abdominal wall. This enabled the anterior bladder wall to

be detached from the anterior abdominal wall with careful

monopolar electrocoagulation. The medial umbilical liga-

ments were identitied on either side of the bladder,

detached from the umbilicus and excised en b/oc w¡th

the bladder and the overlying peritoneum.

Figure l. V¡deo photographs showing: (a) exposure of the vascular pedicle to the bladder, (b) clipping and (c) cutting of vessels, and (d)

mobilizing the prostate from the symphysis pubis.
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Figure 2. The entire bladder is detached, epart lrom a previous
anterior abdominal scar.

The external iliac vessels on either side were expo-

sed by detaching the medial umbilical ligaments and

overlying peritoneum, and the plane between the bladder
neck and the external iliac vein developed using the mono-
polar hook to divide lhe loose connective tissue. Careful

dissection and separation of the bladder neck from the
bony margins of the symphysis allowed identification of
the vascular bundles on either side. Three 6 mm titanium
clips were appl¡ed to each vascular bundle, and the ves-
sels divided.

The posterior urethra was detached from its ligamen-
tous attachment to the undersurface of the symphysis
pubis by electrocoagulating the tissue prior to detaching
it. After detaching the bladder and anterior urethra from
the anterior abdominal wall and symphysis pubis (Figure

2), attention was focused on the recto-vesical pouch.

The rectum was separated from the posterior bladder wall
by monopolar hook diathermy, but d¡ssection was ham-
pered at this stage by accumulation of large amounts of
irrigation fluid, obscuring the view and making it impossi-
ble to use the diathermy effectively. A Pfannensteil
incision was then made to complete the posterior dissec-
tion, and to fashion an ileal conduit.

Total laparoscopic time was 90min, and blood loss for
the ent¡re procedure was 150m1. The patient made an
uneventful recovery and was discharged on the sixth
post-operative day. He remains well and tumour-free 16

months later.

Discussion

Malor advances have occurred in laparoscopy in recent

Laparoscopical/y-ass,sted cysto-prostatøctomy 209

times, with reports of nephrectomy [2], colonic resection

[3,4] and other major procedures be¡ng performed entirely
laparoscopically, and there is no doubt that laparo-
scopic surgery reduces iatrogenic trauma to the patient. A
less commonly cited advantage of laparoscopic surgery
is the ease of laparoscopic access to target organs
traditionally difficult to reach by open surgical exposure,
which allows the development of laparoscopically-
assisted procedures. We obtained a clear, magnified
view of the bladder neck allowing bloodless dissection
and identification and clipping of the vascular pedicles

lo the prostatic urethra. The concept of combining laparo-
scopy with an open procedure to optimize surgical treat-
ment is not new, as laparoscopically-assisted appen-
dectomies [5] and colonic resections [6, 7] have been
reported in adults, but we have not found any previous
reports of its use in paediatrics.

We have demonstrated that lapâroscopically-assisted
mobilization of the bladder and posterior urethra greatly

reduces the magnitude of an open procedure. ln the pres-

ent case it was necessary to convert to an open procedure

because the accumulation of bloody fluid in the pelvis was
obscuring vision. ln addition, it was necessary to elitract
tissue without spillage and to fashion an ileal conduit, a
procedure which is not yet being performed laparoscopi-
cally. As we discovered later, the fluid was difficult to

drain because the steep Trendelenburg position was caus-
ing the fluid to accumulate in a large subphrenic reservoir
constantly replenishing the fluid in the pelvis. With hind-
sight, we feel it would have been preferable to have com-
menced the dissection in the recto-vesical pouch and to
have tilted the patient head up from time to time to empty
the fluid reservoir.

Laparoscopically-assisted cystcprostatectomy offers
the benefits of a minimally invasive approach to a difficult
resection, and has significantly reduced the morbidity in

the patient. This case report illustrates the potential bene-
fits of peñorming'laparoscopically-assisted' procedures

where laparoscopy is utilized to mobilize an inaccessible
target organ before complet¡ng the procedure by conven-
tional open surgery.
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THE ROLE OF LAPAROSCOPIC SURGERY IN CHILDREN

H. L. TAN

FROM THE DEPARTMENT OF ENDOSURGERY, THE ROYAL CHILDREN'S HOSPITAL, MELBOURNE, AUSTRALIA

ABSTRACT

Although laparoscopy was widely evaluated by Drs Stephen Gans and George Berci in the 1970's, it did not
become a useful clinical modality in paediatric surgery until relatively recently. It was reported by these workers
to be a useful diagnostic modality, but as a therapeutic tool, its role was limited to simple biopsies. The introduc-
tion of computed tomography (CT) scan abdominal ultrasound imaging also limited its clinical applicatiory as
these modalities allowed very accurate diagnosis of clinical pathology without resorting to laparoscopy for dia-
gnosis.

Recently, the widespread acceptance of laparoscopic surgery in adult surgical practice has lead many centres
including ours to evaluate the role of laparoscopic surgery in paediatrica. Although it will be some time before
its benefits or otherwise in paediatrics a¡e established, there is no doubt that laparoscopic surgery is safe in
children in the hands of the skilled laparoscopist. There is also no doubt that the paediatric surgeon in fufure
will have to be skilled in laparoscopic surgery as increasing demands are made on us to treat common surgical
conditions without causing the patient physical harm. This paper reviews some of the common conditions being
treated by the laparoscopic route in our institution and attempts to evaluate the early results.

KEY WORDS: LAPAROSCOPIC SURGERY; PAEDIATRIC LAPAROSCOPY

Advances in technology such as the charge
coupled device (CCD) video camera/ Xenon
light source, and high resolution monitors
have made complex procedures such as lapa-
roscopic cholecystectomy possible. These de-
velopments for the first time allowed the sur-
geon to operate with both hands, with an as-
sistant directing the video camera. Until its

tion was re-
can be Per-

ecessary for
while oper-

ating.
Drs Stephen Gans and George Berci inves-

tigated and reported paediatric applications
of laparoscopy in the early 1,970's (2). Al-
though they concluded that it was a useful
diagnostic tool, it was not widely accepted in
paediatrics as it was invasive and difficult to
perform in infants. Many surgeons were un-
comfortable about the use of the blind Veress
needle puncture technique in children, with
the potential risk of maior visceral injury, and
regarded these risks as unacceptable for a dia-
gnostic procedure. Furthermore, the intro-

duction of CT scan, diagnostic ultrasound and
more recently magnetic resonance imaging
(MRI) provided a highly accurate and totally
noninvasive diagnostic tool which left little
indication to perform diagnostic laparoscopy
in children.

Adult laparoscopic instruments became
available by '1.990, but our early evaluation of
this equipment lead us then to conclude that
they were unsuitable for use in small children.
The working ports were large (10 mm), too
long and it did not make sense to make sev-

then, paediatric instruments have become

overall experience and results.
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CURRENT CLINICAL APPLICATIONS

LAPAROSCOPIC APPENDICECTOMIES

We have been performing laparoscopic
appendicectomies in our institution since
1990. Preliminary results indicate that laparo-
scopic appendicectomy is at least as safe as

LAPAROSCOPIC PYLOROMYOTOMY

be

":
NS

in small infants grow to become large inci-
.sions in adults. Whether we like it or not,

introduced another
i¡relevant to the sur-

geon previously, and that is the cosmetic

coming an important factor. While the cir-
cumumbilical route offers minimal cosmetic
deformity, it is. often difficult to perform and
requires considerable traction on the stomach
and pylorus to deliver a large tumour. The
scars may be minimal but it is noi minimally
invasive to the patient.

eliminates the risk of would dehiscence which

has been reported in most series of conven-
. Furthermore, the
ic pyloromyotomy
shorter than that

taken to perform a
romyotomy
to pertorm

It is

seen to its
ln our

Laparoscop-
is at least

PAEDIATRIC LAPAROSCOPIC NEPHRECTOMY
AND FUNDOPLICATION

hesion formation against the conventional ret-
roperitoneal open approach. Retroperitoneal
laparosc-opic n_ephrectomy has recehtly been
reported in adults. In our experience, how-

57



The role of løparoscopic surgery in children 745

TABLE 1

Time taken for first 20 cases of laparoscopic pyloromyotomy

ever, the retroperitoneal laParoscoPic route is
difficult in children because of the limitations
imposed on the working cannulae by the
smàll amount of space between the 12th rib
and the iliac crest. We have performed seven
nephrectomies and one heminephrectomy in
oui institution via the intraperitoneal route
without morbidity, and believe that it has
substantial benefits in reduction of postoper-
ative pain and minimal disfigurement.

Case
Number

Time taken
(minutes)

Case
Number

Time taken
(minutes)

1

2
J

4
(
6
7
I
9

10

50
30
41,
20
20
30
30
30
40
30

11

72
13
74
15
76
1,7

18
1,9

20

15
30
30
30
22
30
20
20
20

7

ABDOMINAL PAIN

One of the commonest problems confronting
a paediatric surgeon is the child with recur-
reñt abdominal pain (RAP). While the major-

the intraperitoneal structures in a way not
possible by conventional "mini" laparotomy
in these children.

MANAGEMENT OF ADHESIONS

Laparoscopy has been useful in the diagnosis
and management of adhesions in patients
with previous open surgery. The current in-
dication for laparoscopic adhesiolysis are pat-
ients presenting with subacute small bowel
obstruction, or patients with severe recurrent
abdominal pains following open surgery.
While adhesiolysis has been reported in acute
small bowel obstruction, we have not yet
treated a patient with complete small bowel
obstruction laparoscopically, although we are
prepared to do so. It has been our experience
that extensive adhesions can be lysed success-
fully laparoscopically. Adhesiolysis is techni-
cally difficult and should not be attempted

investigations will not exclude adhesions
with certainty, yet open laparotomy seems to

THORACOSCOPY

Schier and his co-workers have reported ex-
tensive experience with thoracoscopic surgery
(F. Schier: Personal communication). There is
no doubt that considerable reduction in mor-
bidity can be achieved if a thoracotomy can
be avoided, and there will be widespread clin-
ical thoracoscopic applications in children.
We have reported the thoracoscopic biopsy of
diseased thoracic vertebrae, and believe that
it will have a useful place in spinal surgery.

CONTROVERSIES

be a major step to take to exclude adhesions
in these children. It is useful in these patients.

Many controversies still surround paediatric
laparoscopic surgery. A common objection
voiced is the length of the laparoscopic pro-
cedure. While there is no doubt that many
laparoscopic procedures take longer to per-
form initially than open procedures, one must
acknowledge that much of the time taken is
related to the learning curve. This is amply
demonstrated in our own analysis of the time
taken to perform laparoscopic pyloromyot-
omy as shown in Table 1.

Similarly, the criticism that laparoscopic
surgery is making a simple operation complex
relates to an individual's skill. There is no
doubt that laparoscopic surgery requires
practice, but once the basic surgical skills of
tissue manipulation, haemostasis and sutur-
ing are mastered, it is no more difficult than
oPen surgery.
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Fig. 1 A.-Laparoscopic pyloromyotomy: cosmetic results
one week after surgery,

There is also an impression that children
recover very quickly from conventional open
surgery/ and that the benefits from laparo-
scopic procedures in the adult patients are not
seen in children. While most surgeons will
have anecdotal experience of children being
discharged 24 hours following conventional
appendicectomy, this is by no means the
usual experience. In a surgical audit per-
fbrmed at one of our institutions, children un-
dergoing laparoscopic appendicectomy were
shown to have a shorter hospital stay of fwo
days when compared to those undergoing
conventional appendicectomy. Flowever, our
data require more critical evaluatiory as the
conventional appendicectomy group is
weighed with children with large appendiceal
abscesses who are currently considered un-
suitable for laparoscopic appendicectomy.
Notwithstanding this, however, it is our
impression that children return to full normal
activity much quicker after laparoscopic
appendicectomy.

Likewise, another argument put forward is
that the incisions made for conventional open
surgery are small anyway, but this fails to
take into account the fact that small incisions
become large incisions with growth. The end
result of laparoscopic pyloromyotomy how-
evet, is completely acceptable cosmetically
(Figs 14, B).

In reality, laparoscopic surgery is probably
more difficult to learn, and for a given proce-
dure, more difficult to perform. However,
there is no doubt that there is increasing pat-
ient and parental pressure to perform mini-
mally invasive surgery. The scar may not be

Fig. 1 B. Laparoscopic pyloromyotomy: results at six
months.

important to the surgeon, but it is of para-
e recipient. If an oper-
laparoscopically with

tiveness as a conven-
tional procedure, then it should not be denied
to our patients.

CONCLUSION

Fery

:""i
role

in paediatrics will be determined, but with
rapidly developing new technology, of tele-
presence, robotics and virtual realþ, there is
no doubt that in the future, most routine sur-
gical procedures can be performed without
causing harm to the patient.
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Laparoscopic Surgery in Children and
Infants

Hock L. Tan

The possibility of performing surgery with min-
imal iatrogenic trauma has the same validity for
children as ithas for adultgeneral surgery. HowÌ
ever, until recently, most reports of successful
pediatric laparoscopic surgery have been for
older children, and laparoscopy for smaller in-
fants and babies has been confined to diagnostic
procedures. The reason for the delay is the lack
of suitable instrumentation.

The author has been developing laparoscopic
instrumentation for use in infants and older ba-
bies, which has extended the usefulness of
laparoscopy in these patients.

Lap aroscopic, Ðquip m e nt
The standard laparoscopic equipment for adult
procedures is unsuitable for use in youn$ chil-
dren. The length of the adult telescope and the
diameter of its cannula make it unwieldy for
babies. For example, it makes no sense to make
several 10-mm incisions for lar$e cannulas
when many pediatric procedures are performed
,throu$h incisions thatare often not much more

than 2 to 3 cm long. The bevels of the larser
trocars are also too lon$, and the tip reaches
the posterior abdominal wall in small babies
when the trocars are established and severely
restricts access to any anterior structures. We
have designed a telescope and a complete set
of instruments for use throu$h 4-mm cannulas
that overcome these technical problems.

Current staplers and clip applicators, how-
ever, still require a lar{e instmment port, and
this limits our present capacity to use these
devices in the very young. We are developing
new staplers and clip applicators suitâble for
smaller ports, and this will eventually enhance
our ability. In older children it is possible to
introduce clips and staplers through the.um= ---
bilical port with minimal iatrogenic and cos-
metic tra:.)m . In $eneral, the adult laparoscopic
set can be used effectively in older children
(from around the age of B onward). However,
when dealing with children younger than B

years old, there are several essential differences
in the laparoscopic technique that are related
to differences in anatomy or size. These will be
discussed.
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Anatomic C onsiderations
The umbilicus is very busy in a neonate (Fig.
25-1). The two umbilicai arteries (lateral um-
bilical ligaments) and the umbilical vein (liga-
mentum teres) are not obliterated for several
weeks. Care must be taken to avoid openin$
these structures because thcrc is a potential risk
of gas embolism if a Verres needle is inadver-
tently inserted into these structures and CO2
insuffl ated unknowingly.

The falciform ligament and the umbilical vein
remnant (li$amentum teres) âre very promi-
nent structures in infants and children (Fig. 25-
2). A Verres needle introduced into the upper

abdomen will easily dissect between the two
loosely attached folds of peritoneum forming
the falciform liSament, and we can easily be
misled into thinkingthat the Verres needle is
in the abdomen and insufflate the falciform lig-
ament instead.

The neonatal bladder is an intraabdominal
or$an, and the urachal remnant is attached to
the umbilicus. It would be easy to puncture the
urachus and perforate the bladderwith aVerres
needle. It is therefore mandatory to ensure that
the bladder is completely empty immediately
prior to sur$ery.

Unlike in the adult, in children the different
layers of the abdom en aÍe very loosely attached

I
Figure 25-1
Anatomic relationships
of the bladder, urachus,
umbilical arteries,
liSamentum teres,
falciform ligament, and
liver to the umbilicus in
the neonate.

Costal Margin

Falcif orm
Ligament

Bladder
Urachus

f

,//lvos

4.

Liver
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Figure 25-2
The prominent umbilical vein (ligamentum leres) and
falciform liSament in the neonate (arrow).

to each other, and liftin$ the abdomen to es-

tablish a trocar simply allows the abdominal
muscle to sepârate from the skin and subcu-
taneous tissues, mahin$ lrocar placementE
more difficult. The peritoneum is also the
toughest layer of the abdomen to puncture in

l'igurc 25-3
'lhc pcritoncrrril is rt vcrY sttlr(ly tissue ill the treonzlte,
¿rnt-l it rvill tcrrt;rw¿ry [r'onr thc Itrttsclc attd f'asci¿r rvhett

nccdlcs or troc¿trs itrc insertccl.
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an infant and is very loosely attached to the
anterior abdominal wall, particularly in the re-
gion betrveen the symphysis pubis and the um-
bilicus. The peritoneum has an inherent len-
dency to tent away from an advancing neèdle
or trocar. Because of these properties, it can be
very difficult to feel if a Verres neeclle has ac-
tually punctured the peritoneum in a child in-
asmuch as the peritoneum will dissect away
from the abdominal wall with the advancing
Verres needle (Fig. 25-3). The saline drop test
is equally unreliable because of this laxity of
peritoneal attachment.

Similarly, monitoring the insufflation pres-
sure is not helpful in determining if gas is being
insufflated into the correct cavity. The author
has seen COz dissecting all the way around into
the posterior parietal peritoneum from an an-
terior puncture in his initial experience with
laparoscopic surgery. The neonatal and infant
liver overhan$s the costal mar$in, and its lower
mar$in reaches the umbilicus in neonates.
There is a risk of injury to the liver if blind
punctures are made in the upper abdomen in
very young infants. Ðven under direct internal
endoscopic control, the tip of the cannulas can
be perilously close to the anterior surface of the
liver (Fig. 25-4). The inferior vena cava and

Fi!,ure 25-4
The anterior surface of the liver (arrow) is perilously
close to the abdominal wall despite a pneumo-
peritoneum of 10-mmllS pressure.
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aorta aÍe barely 1 cm away from the anterior

abdominal wall.
Because of the differences highlighted, we do

not believe usin$ a Verres needle to create the

pneumoperitoneum is safe in small babies and

infants.

the baby's small size also means that the sur-

$eon has very easy visual access to every ab-

ãominal viscera apart from the retroperitoneal
structures.

Because the sur$eon has to work in a small
area, the instrument cannulas often have to be

very close to each other, and we have to be

careful that instrument clashes do not occur.

In choosin$ trocar sites, it is better to estâblish

the instrument ports further away from the op-

erative field and not directly above the operative
field because this allows more room for manip-

ulation of the instruments: Havin$ the instru-
ment port too close to the area you wish to
operate on will severely impede your ability to

råtract or manipulate viscera when required'

In choosing trocar placement, always place the

instrument lrocars ahead of the endoscope to

facilitate identification of "lost" instruments'
We have found the easiest and leasttraumatic

way of establishing the instrument ports is to
*"k" u full thickness incision throu$h the en-

tire thickness of the anterior abdominal wall,

includin$ the peritoneum, with a no' 11 scalpel

blade. The middle fin$er should rest on the

can do dama$eby an injudicious stab. Once the
peritoneum has been punctured by the no' 11

scalpel blade, the incision in the peritoneum

shoul¿ be enlar$ed to about S-mm len$th to

Ðstablishin$ the
Pneumoperitoneum
To establish the pneumoperitoneum' we rec-

ommend the Hasson method' We make a small

incision in the circular periumbilical skin
crease. In small babies, a supraumbilical ap-

difference is much less apparent in older chil-
dren.

The linea alba is identified, and a small trans-

verse incision is made through the linea alba'

We then identify either the umbilical vein

(when usin$ a supraumbilical approach) or the

urachal remnant and lateral umbilical ligament

dren.
A purse-strin$ suture or vertical invertin$

mattiess sutures should be placed on either side

of the cannula to minimize $as leak and to help
stàbiliZè the 4-mm port. Miniature Hasson type '

cannulas are currently bein$ developed thatwill
reduce gas leaks.

Cannula Placement
Even at maximum insufflation, there is very

little room in a baby to perform laparoscopic
procedures such as intracorporeal knot tyin$,
ànd the proximity of adjoininf, viscera makes

lhe use of diathermy more hazardous' However,
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3Most pediatric procedures can be performed

using 4-mm or 5.5-mm cannulas, butlt is some_
times necessary to use a lar¿ler (10_mm) port
to extract viscera, such as appendixes or $all_bladders, or if stapling is réquired. The besr

cannula with minimal cosmetic or iatrogenic
trauma.

Figure 25-5
The operating room
setup for performing
laparoscopic
pyloromyotomy in the
infant.

Anestheslologist

A ssi stant
Surgeon

Scrub
Nurs e
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a)

Figure 25-6
The placement of
instrument and
telescope ports for
pyloromyotomv in the
infant.

o

lnstrument Ports

Telescope Port

\
€

tween the umbilicus and the costal mar$in, lat-
eral to the nipple line (Fig. 25-6).

The $astric antrum and pylorus are identified
by retrácting the free edge of the liver upward

andaway from the stomachwith the ri$htupper
quadrant $rasper. The transverse colon can oc-

casionally obscure the view, but it can be swept
inferiorly away from the operation field'

While the liver is retracted with the left upper
quadrant port, the duodenum just distal to the
vein of Mayo should be firmly $rasped by the

atraumatic $raspers in the ri$ht upper quadrant
port. Do not attempt to hold the pyloric tumor
because the forceps will slip off the firm tumor,
and it will be difficult if not impossible to incise
the tumor owin$ to instrument clash'

The duodenum and pylorus are rettacted in-
feriorly arvay from the liver edge. If the liver

ily by "palpatin¿1" il with the left-sided atrau-

matic $raspers. The normal anlrum is easily

indented, and there is an abrupt junction iden-

tifiable between it and the firm pyloric tumor'
The endotome is introduced throu$h the left

upper quaclrant port; the blade advanced out of

its sheath irr its entirety. The seromyotomy

should be started at the duodenal end' The in-
cision is extended toward the antrum about 3
to 4 mm beyond the extent of the tumor (Fi$.

25-7). Countertraction should be applied with
the atraumatic graspers holding on to the du-

odenum. It is not possible to cut in the opposite

Figure 25-7
Th-e initial incision in the pyloric tumor is made with

an endotome. Note the vein of MaYo.

1 : Duodenum.2 : Vein of Mayo. 3 : Antrum'
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33:

direction because the countertraction is im-
portant. The initial incision has to be deep or
else it will be difficult to introduce the spreader.

The endotome is exchan$ed for the pyloric
spreâder, rvhich is thrust throu$h the incision
until sli$ht resistance from lhe intact mucosa
is felt. It is important to ensure that the spreader
is through the entire thickness of the trlmor
because the tumor will be otherwise difficult to
split, and the edges will tear. The tumor is

spread widely, beginning at the duodenal end.
It is necessary to move the forceps further up
the antral end to spread the most proximal fi-
bers of the pyloric tumor. The mucosa should
be inspected when the jaws of the spreader are
wide apart. This is the best time to inspect it
closely before the edges of the tumor bleed (Fi$.
25-B). Sufficient air should be insufflated by the
anesthesiolo$ist via â nâsogastric tube on com-
pletion of the pyloromyotomy to exclude an
inadvertent perforation. The mucosa will be
seen to bulge.

The abdomen is desufflated and the mini-
incisions closed by repairin$ the linea alba with

-

Figure 25-8
The spreader is shifted more proximally to complete
pyloromyotomy at the antral end. Note that the mucosa

is best inspectecl at this time.
1 : Duodenum. 2 : Â.ntrutn 3 : Mucosa pouting
through the rnyotomy.

one or lwo absorbable sutures and subcuticular
shin closure. The patient can be fed the same
day and discharged once feeding is established,
usually on the following day. In our preliminary
series, we have the impression that children do
not vomit much following laparoscopic pylo-
romyotomy. This may be due to the minimal
handling of the stomach. The entire operation
is performed in situ as opposed to the open
operation where considerable traction on the
stomach is required to deliver the tumor.

Laparoscopy for
Undescended Testes

Undescended testes is one of the most common
conditions requirin$ sur$ical correction in the
pediatric age group. However, in most children
the testis is easily palpable in the superficial
inguinal pouch and there is no indication for
laparoscopy in these patients because orchi-
dopexy is strai$htforward in these câses.

Laparoscopy is therefore indicated only in
the patientwith impalpable testis. The evidence
is mounting that orchidopexy should be per-
formed earlier to preserve spermato$enesis. We
therefore recommend dia$nostic laparoscopy at
12 months of age if the testes are still impalpable
at that age.It is unrealistic to expect any further
testicular descent beyond this age even in the
extremely premature infant.

Diag,nostic laparoscopy will establish if the
testis is intraabdominal and offers the sur$eon
the option of ligating the testicular vessels to
allow for collateral circulation to develop via
the vessels to the vas. This enables the testis
to be brou$ht dorvn on the vessel to the vas at
some future date. The testicular vessels can be

easily ligated without interferinf, with the op-
erative field at subsequent open sur$ery.

Consent should be obtained for orchidec-
tomy, open exploralion, or ligation of the tes-
ticular vessels. The sur!,eon should stand on the
contralateral side. We have found a 4-mm tel-
escope more than adequate for dia$nostic and
therzrpeulic purposes. The video monitor
should be positioned directly in front of the
surgeon. 'lhe patient is tilted head clorvn and
rolled toward the sur!,eon lo allow the viscera
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to fall away from the operation site. A dia$nostic
laparoscopy should be performed before estab-
lishing the instrument trocârs. The internal in-
guinal ring should be inspected first. Its internal
landmark is easily identified by followin$ the
external iliac vessels to their junction with the
inferior epiSastric vessels. If the vas deferens
and testicular vessels are seert ertterirl$ the irt-
ternal inguinal ring, and if an indirect hernia is

present, then the testis is intracanalicular
(within a complete in$uinal hernial sac). In this
instance, you should proceed to ân open or-
chidopexy, and the testes $enerally can be

brou$ht down satisfactorily without prior li$a-
tion of the testicular vessels.

If both the vas and testicular vessels enter
the internal in$uinal rin$, the testis is either
absent or it will be small and dysplastic' You
should proceed to ân open operation to explore
the inguinal canal and perform an orchidec-
tomy under the same anesthetic. If the vas or
testicular vessels are not readily identifiable at
the internal rin$, then two 4-mm instrument
ports should be inserted, one in the ipsilateral
iliac fossa and the othe¡ in the ipsilateral upper
quadrant of the abdomen.

It is probably easiest to look for the vas de-
ferens first. It can usually be seen best where
it crosses the lateral umbilical li$aments (um-
bilical arteries). The vas can then be followed
laterally to either its testis or to its blind endin$.
If a small dysplastic testis is found, an orchi-
dectomy can be performed usin$ two Endoloops
to ligate the vessels in continuity before exci-
sion of the testis. These dysplastic testes are
usually very small and can be removed throu$h
the umbilicus without chan$in$ to a lar$,er tro-
car.

If a sizable testes is located, the testicular
vessels can be ligated. This can be performed
without having to chan$e to alat$er instrument
port. The peritoneum overlyin$ the testicular
vessels is divided by sharp Ðndoshears dissec-
tion. This allows the testiculat artery to be
picked up and two endoknots (with the needle
removed) placed around it. An extracorporeal
hnot completes the procedure. The collateral
supply will develop and orchidopexy performed
later by brin$in$ the testis down on the blood
supply to the vas.

Luupni:os0qtp\/ fon FecXiatric
tVHaffigllârrcies

Most pediatric mali$nancies are sarcomas. The
management of pediatric malignancies has un-
dergone significant changes in recent years.
Chemotherapy in combination with local ra-
diotherapy and limited excision preserves func-
tion without compromisin$ the cure rate. This
is now the favored treatment modality for mâny
pediatric mali$nancies.

Laparoscopy is helpful in the staging of child-
hood tumors because the view through the en-
doscope is even better than that in an open
operation. The only area inaccessible is the re-
troperitoneum. Many pediatric patients with
rnalignancies have poor wound healing and suf-
fer wound dehiscence or ventral hernias fol-
lowing open laparotomy owing to the chemo-
therapy regime. Laparoscopy eliminates the
risk of dehiscence and ventral hernia.

Transperineal high dose radiotherapy with
iridium wire has been employed in pelvic ma-
lignancies, but a major morbidity associated
with this is ablation of ovarian function. This
can be prevented by oophoropexy, which re-
duces the radiation dose to the ovary.

O opl h,c iI' crtp,e j<'r,'

Oophoropeæy can be a compl ex orsanizatioíal
problem, and it is essential to coordinate the
services of the radiotherapist, the orthopedic
surgeon, and the radiologist, as well as the pe-

diatric sur$eon, prior to sur$ery. The aim is to
perform a sta$in$ Iaparoscopy, oophoropexy,
and transperineal insertion of hollow needles
for iridium needle brachytherapy. The patient
will have to be immobilized in a hip spica, to'
prevent accidental dislodgment of the hollow
needles, and, under the same anesthetic, moved
to radiology to check the position of the needles
with a computed tomography (CT) scan for cal-
culation of the radiation dose.

The patient is positioned at the foot of the
table in the Lloyd Davies position and the blad-
der catheterized with a silastic urethral Foley
catheter. The patient is tilted head dowrr and
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Figure 25-9
The patient position and
operating room setup for
oophoropexy before
radiation treatment of
the pelvis.

Assistant
Surgeon

rolled toward the sur$eon, to allow the viscera
to be retracted away from the pelvis. The sur-
geon stands on the contralateral side of the
ovary being fixed, and the video monitor is po-
sitioned between the patient's le$s. The assis-
tant stands on the ipsilateral side. The scrub
nurse stands next to the assistant sur$eon (Fig.
zs-e).

The 4-mm telescope port is introduced
through the umbilicus, using the technique pre-
viously described. Two more ports are estab-
lished, one in each iliac fossa under direct in-
ternal video endoscopic control. Care is taken
to avoid placing the trocars throuth the inferior
epigastric vessels (which are prominent in this
position). Atraumatic $raspers are introduced
into each instrument port, and a pelviscopy is
performed. The atraumatic !,raspers can be

Chapter 25 Laparoscopic Surgery in Children and Infants

Anestheslotoglst

Scrub
Nurse
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Surgeon

Video

used to manipulate the uterus, adnexa, and all
intrapelvic viscera to allow careful inspection
of the pelvic viscera and wall and any suspicious
tissue or node biopsied. The ovary is easily iden-
tified as a small golden yellow organ by following
the fallopian tube laterally. It should be grasped
by the atraumatic forceps in the left-sided in-
strument port and retracted away from the pel-
vic brim into the abdomen proper (Fig. 25-10).

A laparoscopic suture is introduced through
the right iliac fossa port and mounted on a 3-
mm needle holder. The ovary is then grasped
with the grasper, and one stitch is placed
through the body of the ovâry (Fig. 25-11). Suf-
ficient length of suture is then drawn through
the ovary to allow the end of the needle to be
delivered extracorporeally. The peritoneum of
the ipsilateral lateral abdominal wall2 cm above
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Figure 25-10
The ovary is !,rasped and pulled over the pelvic brim in
order to fix it to the lateral abdominal wall.
1 : Preperitoneal radioactive implant. 2 : Pelvic
brim. 3 = Rectum. 4 : Fallopian tube. 5 : Ovary.

Anterior Abdominal Wall

Pelvic Brim

Fallopian Tube

Ovary

A. B.

Pelvic Brim

the pelvic brim is picked up with the grasper
and stilched ivith the same suture. An extra-
corporeal knot completes the fixation of the
ovary to the lateral abdominal wall.

The umbilical telescope port is removed after
both ovaries have been fixed, and the umbilical
incision extended to allow the introduction of
a 10-mm cannula. The telescope is reintro-
duced into either of the two instrument ports,
a clip applicator is introduced through the 10-
mm umbilical port, and a titanium clip applied
onto the body of each ovary under direct visual
control. This will allow the radiotherapist to
calculate the dose to the ovary because the ra-
dio-opaque marker is visible on a plain x-ray.
The hollow radiation needles are inserted under
direct laparoscopic control, and the child's legs
immobilized in a hip spica on completion of the
procedure. The cosmetic advantage of this tech-
nique is apparent in Fig. 25-72.

Ðíscussion

Although pediatric laparoscopic surgery is still
in its infancy, the development of equipment
suitable for smaller instrument ports will in-

Pelvic Brim
Figure 25-11
A. Normal pelvic
anatomv. B. A
laparoscopic suture is
passed throu[,h the
ovary and then (C.)
through the lateral
abdominal wall above
the pelvic brim. D. An
extracorporeal knot
completes the fixation.

Bladder

eru s

Rectum

Ovary

c. D.
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Figure 25-12
There is minimal
cosmetic deformity seen
with this technique.

evitably see laparoscopy being adopted by more
pediatric surgeons as they develop skills in
laparoscopy. There are a few important factors
[o consider tvhen it comes to the performir-r$ of
safe pediatric laparoscopy.

the fact that laparoscopic sur¡lery is mini-

mally invasive does not mean it is minor sur-
gery. There is potential to cause !,reat harm if
improper techniques are employed, especially
in small infants and babies simply because there
is less room for error. Bleedin$ has more serious
implications, not only because of the smaller
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blood volume but also because blood will absorb
much of the reflected light, and this can com_promise the illumination very quickly, espe_cially when small endoscopes 

"." lr"¿. fhe rel_ative toughness of the infant peritoneum, theease with which it strips off ihe anterior ab_dominal wall, and the pioximity 
"i""å"rlyingviscera make it pot entially haz.idotr. lo .rr" tt 

"Verres needle technique få, 
"rt"¡iirtì"t à orr".r_moperitoneum.

- In spite of these relative drawbacks, the factthat laparoscopic surgery offers a means of
P:.fo_rtni"g surgical procedures with minimaliatro$enic trauma remains a very atiractiveproposition. This attraction will popularize
Iaparoscopy in children in the futuå. ^
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Laparoscopic appendicectomY

Laparoscopic appendicectomy was by this time being reported by many authors, but

the EndoGlA, staplers and titanium clips to control the appendiceal artery were

cumbersome, and required a large instrument port (10 - 12mm), which seemed to

defeat the purpose of minimal access surgery.

The relative lack of space in a small abdomen also made it difficult to manipulate a

large GIA endostapler or titanium clip applicator with any finesse, and it was felt that

a better altemative existed.

Monopolar coagulation of the meso-appendix had been reported and indeed

evaluated by myself, but the primary concem with this technique is unrecognised

capacitive coupling, as there had been by then, several reports of remote site burns

from capacitive coupling during laparoscopic surgery. At the same time, I had

received a report of a Caecal burn at the base of the appendix from a surgeon using

monopolar coagulation of the mesoappendix presumably due to the electric current

being concentrated at the base of the appendix on its return path.

ln the intervening years in the meantime, I had developed a technique of

circumcision using bipolar forceps, coagulating and cutting the foreskin in a

completely bloodless manner using a pair of needle point Adson's forceps fashioned

for me by an instrument maker Alimtype, in Melboume.

14



This technique of was demonstrated to the Karl Storz representative, and it was

decided to make a prototype laparoscopic bipolar forceps with a tip somewhat like

the needle point Adson's bipolar forceps, and to evaluate the use of this

laparoscopically.

Again, by searching through the Karl Storz catalogue, the Vancaillie micro bi-polar

forceps was found. Modifications of the Vancaillie forceps by sharpening the tip,

stripping some of the insulation off the end and re-angling the tip, lead to the birth of

the the "Tan" bi-polar forceps which is now manufactered by Karl Stoz.

lnitial clinical trials with this bi-polar forceps confirmed that it was indeed easy to use

and was highly effective at a power setting of 15 Watts, and thus the laparoscopic

"Bi-polar strip tease appendicectomy" technique was developed.

To lend weight to the fact that the technique was safe, it was important to

demonstrate the blood supply of the appendix, and I therefore decided to obtain

several open appendicectomies specimen from my other colleagues who were still

performing open appendicectomies, requesting that the appendix and the

mesoappendix be excised en bloc to study the vascular anatomy.

We cannulated the appendiceal arteries of five specimens received with a fine

intravenous cannula, and filled the artery with Barium impregnated latex. An Xray of

the Appendix was then taken which clearly demonstrated its vascular anatomy.
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Although it was diabolically difficult to cannulate the appendiceal artery in an inflamed

appendix, we nonetheless succeeded in cannulating the specimens, and were able

to demonstrate that the blood supply to the appendix is quite uniform being supplied

by one smallish vessel which ran along the free edge of the mesoappendix to its tip,

with several fine branches supplying the rest of the appendix. lt was clearly

demonstrated that there were no major vessels, and that bipolar coagulation would

adequately control these small vessels.

An Xray of the appendiceal blood supply was thus included in the paper on

laparoscopic bi-polar strip tease appendicectomy.

To date, over 150 appendicectomies have been performed using this bipolar

technique without a single bleeding episode, This technique has also been used in

adolescent patients and is quick and cheap, as it only requires two endoloops to

ligate the base of the appendix , sparing the cost of an endoGlA or Titanium clips.
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Technique
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Laparoscopic bipolar strip-tease appendicectomy

A new endosurgical technique

II. L. Tan, O. Segawa, J. E. Stein

Department of Surgery, The Royal Childrens Hospital, Flemington Road, Parkville, Victoria 3052, Melbourne, Australia

Received: 8 January l975/Accepted: 19 April 1995

Abstract. Since its conception, several techniques
have been described for laparoscopic appendicec-
tomy. We describe a technique which utilizes a 5-mm
bipolar forceps designed to coagulate and cut tissues at
the same time; 50 pediatric patients underwent lapa-
roscopic appendicectomy for acute appendicitis using
this "stripping and teasing" technique. No bleeding
complications occurred. There were only two postop-
erative abscesses in the series. We believe that the
bipolar laparoscopic striptease appendicectomy tech-
nique as developed by the senior author is safe, quick,
and effective, even for severe appendicitis.

Key words: Laparoscopic appendicectomy - Bipolar
"striptease" technique

Since the first laparoscopic appendicectomy for acute
appendicitis was reported by Semm in 1983 [5], a num-
ber of authors have reported performing the operation
worldwide ft,3,7 ,81. However, there is considerable
variation in the technique for performing the opera-
tion, each with its own inherent advantages or disad-
vantages. Our technique utilizes bipolar division of the
mesoappendix which only requires one lO-mm Hasson
umbilical port, one 4.5-mm suprapubic port, and a 6.0-
mm paracolic port. The present report describes a safe
and successful laparoscopic technique for laparoscop-
ic appendicectomy.

Patients and methods

Fifty pediatrìc patients admitted between January 1992 and May
1994 under the senior author with clinical signs of acute appendicitis

Correspond.ence to: H. L, Tan, Gleneagles Hospital, 6 Napier Road
#07-06, Singapore 1025.

underwent successful laparoscopic appendicectomy. Patients who
had diagnostic laparoscopy alone or who were converted to open
operation (five patients) are excluded from this report as no attempt
was made to proceed wilh laparoscopic appendicectomy in these
patients because of the severity of the disease. The age at operation
ranged from 2 to 16 years (average 1l years), and there was an equal
sex distribution. All laparoscopic appendicectomies were either per-
formed by the senior author or with his assistance. All specimens
were studied histologically and all patients were administered peri-
operative intravenous antibiotics.

Technique

The patient is positioned supine and placed in a Tren-
delenburg position and rolled toward the left. The sur-
geon and assistant both stand on the left side with the
scrub nurse at the foot of the patient. The video mon-
itor is placed directly in front of the ¡urgeon on the
patient's rieht (Fig. l).

A lO-mm Hasson cannula is inserted through a
small transverse incision in the linea alba by making a
circumumbilical skin crease incision. The Hasson port
is secured by using 0 Vicryl purse string suture in the
linea alba, which not only helps to secure the pneu-
moperitoneum but also serves to close the defect at the
end of the procedure. An insufflation pressurc of 12
mmHg is used and a 5-mm direct-viewing telescope
is then inserted. Two other ports, a 4.5-mm supra-
pubic midline port and a 6.0-mm right paracolic port
are introduced under direct video endoscopy to avoid
injury to either the bladder or the underlying viscera
(Fie. 2).

An atraumatic grasper is inserted into each of these
ports and the cecum and appendix are then identified.
If the appendix is normal in appearance, an explor-
atory laparoscopy is performed to exclude other pa-
thology, especially tubo-ovarian pathology in the fe-
male. A conscious decision is then made to perform
laparoscopic appendicectomy even in those that ap-
peared macroscopically normal, if no other pathology
is found.
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Flg. l. Theater layout for laparoscopic appendectomy
Fig. 2. Port positions for laparoscopic appendectomy.

A ratchetted grasper is passed through the supra-
pubic port to grasp the tip of the appendix. If the ap-
pendix is retrocecal in position, it is necessary to mo-
bilize the cecum by dividing its peritoneal attachment.
The appendix can then usually be mobilized once the
cecum is freed. We have yet to perform a retrograde
laparoscopic appendicectomy if the cecum is mobi-
lized sufüciently.

Traction is applied to the tip of the appendix to
demonstrate the mesoappendix, which is kept taut.

A special purpose-built bipolar forceps (Tan bipo-
lar forceps-Karl Storz) is passed through the right
paracolic port and the mesoappendix is coagulated and
"stripped and teased" from the appendix by using a
pecking action (Fig. 3). The bipolar forceps has been
specially designed to coagulate and divide tissue with-
out the need to interchange instruments.

Fig. 3. Mesoappendix being stripped from appendix using "peck-
ing" action.
Fig. 4. Contrast injection ofmesoappendiceal artery demonstrating
vascular anatomy. Note the fine vessels at the mesoappendil
appendix margin.
Fig. 5, Demonstrating completely skeletonized appendix and liga-
tion of stump with extracorporeal ligature.

The striptease technique can control vessels up to
I mm in diameter, and we have not encountered any
bleeding from the mesoappendix, particularly if the
appendix is skeletonized right at the meso-appendiceal
border, as the vessels here are generally very fine.
This is aptly demonstrated by a contrast injection of
the mesoappendiceal artery in patients who have had
open appendicectomy and the specimen removed en
bloc for this study (Fig. a).

By using this "striptease" action, the appendix is
skeletonized down to the base of the appendix (Fig. 5),
which is then ligated with two PDS-Endoloops. The
appendix is then divided with the same bipolar forceps
and delivered through the lO-mm Hasson cannula after
interchanging the telescope through the right paracolic
port. If the appendix is gangrenous, perforated, or as-
sociated with an appendiceal abscess, laparoscopic
surgical debridement is performed and the peritoneal
cavity is thoroughly irrigated with a copious amount of
normal saline prior to completion.
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Table l. Summary of cases"

10 1 2l 82 7

Gangrenous

Normal Enterobiasis
Chronic
appendicitis Phlegmonous Catarrhal perforated

" Total no. cases: 50. Average operative time: 40 min. Complications: 2 postoperative ab-
scesses. Conversions: 5. No bleeding complications

or

i
f

Results

Fifty patients underwent laparoscopic bipolar appen-
dicectomy. Of these, 2l were catarrhal, 7 were phleg-
monous, and 8 were gangrenous or perforated. There
were trüo patients with chronic appendicitis, two with
enterobiasis, and ten were normal. The average oper-
ating time was 40 min for all cases. There were only 2
(4Vo) postoperative abscesses. There was no bleeding
and no wound infection. There were no laparoscopi-
cally related complications (Table l).

Discussion

Many technigues have been described for the perfor-
mance of laparoscopic appendicectomy. Lobe and
Whitcombe have both described the use of endostapler
[2] to control the mesoappendix and the appendix
while endoscopic titanium clips, laser [4], and extra-
corporeal endoknots [6] have also been described for
ligating the mesoappendix en masse. Monopolar elec-
trocautery has also been described to coagulate and
cut the mesoappendix, but this is potentially hazard-
ous in appendicectomy as the return path for the mo-
nopolar current is through the base of the appendix
and cecal perforation can occur (W.D.A. Ford, Ade-
laide Children's Hospital, personal communication).

We have developed a safe, highly effective, and
effrcient method of coagulating the mesoappendix us-
ing a special purpose-built bipolar forceps that cuts
and coagulates concurrently. This bipolar technique
has several advantages. Only one lO-mm cannula,
placed in the umbilicus, is required. By using a 5-mm
telescope, the right paracolic port can be used to insert
the telescope while the appendix is delivered through
the l0-mm Hasson cannula.

One of the major disadvantages of laparoscopic ap-
pendicectomy is the high cost of disposable instru-

ments, especially if one uses the endo-GIA stapler or
titanium clips. Our technique only requires two en-
doloops, which can be passed through the 6-mm right
upper quadrant port, and the fact that a second large
cannula is not required for titanium clip or endolinear
stapler makes for better cosmesis and less expense.
While the relative size of the instrument cannulae may
not be an important consideration in adults, it is im-
portant to reduce the size of the cannula in pediatric
laparoscopic procedures, as larger cannulae cause ex-
cessive gas leak, which can lead to hypothermia in
children.

This paper describes a technique of laparoscopic
bipolar appendicectomy which we believe to be safe
and effective in children. We believe this technique
can be used in adults as well, as we have now had
experience with adolescent children where the appen-
dices and anatomy are no different from adults. The
bipolar striptease technique has also been used to re-
sect solid tissue bloodlessly, such as for laparoscopic
heminephrectomy.
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Role of Laparoscopy in the Management of Recurrent
Abdominal Pain in Children

H. L. Tan and f. M. Smart, Cleneagles Medical Centre, Singapore.

Recurrent abdominal pain is a very common problem in childhood. While the pains are usually non-
organic in nature, there remains a smallbutsignificant group of patients in whom it is difficultto exclude

surgical pathology. These groups have in the past been considered for exploratory laparotomy. We

investigated the role of diagnostic laparoscopy in the management of these patients and report our
experience. Fifteen patients presented with recurrent pain in the right iliac fossa where symptoms were
sufficient to interfere with lifestyle. All patients underwent diagnostic laparoscopy and laparoscopic

appendicectomy. Appendiceal faecoliths were identified in four patients and histological evidence of
previous inflammation was documented in four others. One patient had appendiceal adhesions with
a histologically normal appendix. The remaining six patients had had no appendiceal or any other
pathology. Nine other patients who had open surgery previously also underwent diagnostic laparoscopy

for recurrent abdominal pain. Six patients were found to have adhesions that were successfully lysed

laparoscopically with subsequent relief of symptoms. Three patients re-presented with further
abdominal pain within four to 14 months. Our early experience with diagnostic laparoscopy suggests

that it is a useful diagnostic and therapeutic tool in the management of recurrent abdominal pain during
childhood. (Asìan l. Surgery I 998;21 (1):47-50)

Recurrent abdominal pain (RAP) in children is a
common phenomenon said to occur in approximately

10% of school-aged children.l The pain varies in nature,

severity and duration and is usually managed on an

outpatient basis. Such children pose a significant
management problem, especial ly when marked disruption

to the I ifestyle of the ch i ld or the fam i ly resu lts. ln the past,

when all relevant tests were normal, such children were

labelled as having psychogenic or functional pains and

managed accordingly. Some patients have even been

prescribed psychotropic medication, often with little or

no relief.

Although surgical evaluation is sometimes necessâry

to exclude organic cause, there is often a reluctance to

submit patients to exploratory laparotomy when hard

evidence of organic pathology is lacking: exploratory

Address reprint requests to Dr. H L Tan,
Gleneagles Medical Centre #07-06, 6 Napier Road,

Singapore 258499, Singapore.
Date of acceptance: 1 8th October 1 996

laparotomy is often considered as a last resort in these

patients.

The advent of diagnostic and therapeutic laparoscopy

has lead us to consider its role in the management of
children with RAP.

Pnrrr¡¡rs AND METHoDs

Twenty-four pat¡ents underwent diagnostic
laparoscopy for severe RAP between 1990 and October

1993 at the Royal Children's Hospital in Melbourne,

Australia. Ages ranged from four to 1 B years. Patients were

divided into two groups: group A consisted of 15 patients

with a recurrent right iliac fossa (RIF) pain and group B

consisted of nine patients with a history of RAP following

previous abdominal surgery. Children in both groups had

symptoms severe enough to interfere with lifestyle,

including poor attendance at school.

All children had undergone previous investigations

including full blood count, erythrocyte sedimentation

rate, liverfunction tests and serum amylase, and had had

routine urine analysis and faecal examination. ln addìtion,

plain radiographs of the abdomen and abdominal

17Asian Journ.r or SLrrgc'r;'
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ultrasound were performed, and where evidence of

constipation was found, active medical treatment was

instituted. Most children had also been referred for
gastroenterological opi n ion.

Persistence of abdom i na I pai n interfering with I ifestyle

despite adequate management of constipation was an

indication for laparoscopic intervention.

D¡rcrosnc LAPARoscoPY

Diagnostic laparoscopy was performed using an open

laparoscopy technique with carbon dioxide insufflation.

The entire abdominal cavity was inspected to exclude

chronic inflammatory bowel disease or other pathology,

such as Meckel's diverticulum; the pelvis was inspected

in female patients. Elective appendicectomy was then

performed in all patients in group A and all surgical

specimens were sent for histological examination.
ln group B, diagnostic laparoscopy was peformed to

exclude intra-abdominal adhesions as the cause and if
adhesions were encountered, adhesiolysis was performed

laparoscopically.

Rrsurrs

Group A

Fifteen patients with recurrent RIF pain aged between

six and 15 years underwent diagnostic laparoscopy and

laparoscopic appendicectomy after routine investigations

to exclude other causes. There were seven males and

eight females.

No unexpected pathology was found in any patient.

Seven appendices were reported as being histologically
normal, although one patient had a fibrous band extending

from the appendix to the caecum indicative of previous

i nflammation. Four append ices examined had histological

features of previous inflammation with intramural fibrosis

or fibrous obliteration of the appendiceal lumen. One of

these was diagnosed as 'resolving appendicitis'. Four

other appendices had faecoliths but were otherwise

normal.

lnterestingly, only 47o/o of patients in this group had

normal appendices, while 53% had pathology that could

have accounted forthe RAP. All pat¡ents, including those

with normal appendices, remained symptom free fol lowi ng

appendicectomy (Table 1 ).

Table 1. Results of laparoscopic appendicectomy in
children with recurrent right iliac fossa pain

Total

(n)

Histology

of previous

Normal inflammation Faecolith

(n) (n) (n)

Male

Female

Total

7

8

15

1

3

4

3

1

4

3

4

7

Croup B

Nine patients, aged from four to 1B years, with severe

RAP following prevíous abdominal surgery underwent

diagnostic laparoscopy. There were eight females and

one male. Each patient had previously been investigated

with plain abdominal radiograph with orwithoutcontrast
media; only three patients had radiological features

suggestive of dilated small bowel.
At laparoscopy, adhesionswerefound in seven patients,

two with adhesions to the undersurface of a previous scar

(Fig. 1) and five with extensive adhesions, which were all

successfully lysed laparoscopically. Two patients were

free of adhesions; these patients were successfu I ly managed

for non-organic pains (Table 2).

Figure. Typical adhesions ofan appendix to a previous
scar
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LAPAROSCOPIC MANACEMENT IN CHILDREN

Table 2, Results of laparoscopic appendicectomy in
children with recu¡rent abdominal pain following previous
abdominal surgerY

fibrosis, sufficient to explain his symptoms.
Appendicectomy led to resolution of pain and cessation

of antidepressant therapy. This case, of course, is

uncommon but exemplif ies the diagnostic and

management dilemma for children with recurrent
abdominal pain.

The advent of laparoscopy as a safe, effective and

minìmally invasive diagnostic and therapeutic tool with
low associated morbidity+ has led us to reconsider the

traditional indication for surgical intervention in children

with RAP. When performed by adequately trained

surgeons,s,6 laparoscopy has many advantages over

conventional surgery: less postoþerative pain, shorter

recovery time and hospitalization, better cosmetic results,

fewer complications, early ambulation and earlier
resumption of a normal lifestyle. Furthermore, the

diagnostic accuracy of laparoscopy in the evaluation of
acute abdominal pain has been reported to be as high as

99o/o,7 as is the success rate of laparoscopic
appendicectomy.s lt has also been shown to demonstrate
more sensitivity, specificity and cost-effectiveness in
diagnostic situations.e

The patients who underwent diagnostic laparoscopy

in our study comprised a small proport¡on of children
presenting with RAP. Most patients in our study satisfied

Apley's criteria and additionally had either had recurrent

RIF pain or a previous laparotomy. The dilemma facing

most clinicians is the child presenting with recurrent RIF

pa¡n for whom the patient and fam ily are concerned about

the possibility of the 'grumbling appendix'. There has

always been a reluctance to subject these children to
laparotomy.

We have demonstrated that a significant proportion of
such ch ildren have appendiceal pathology accounting for

pain, as judged by histological appearance of specimens.

Similarly, while adhesive ¡ntestinal obstruction in

children has been successfullytreated laparoscopically in

a significant number of patients, avoiding the need lor

Iaparotomy,l0 our study suggests that adhesions to the

anterior abdom inal wall are a signif icant cause of recurrent

wound pain, as lysis of these adhesions has led to immediate

relief of such pain.

One often feels uneasy about labelling a child with

severe RAP as having a functional illness, as it is still

difficult with conventional organ imaging confidently to

exclude surgical pathology. Laparoscopy has, however,

added a new dimension by allowing a thorough
examination of the entire abdominal cavity to exclude

Total

(n)

Extensive

adhesions

(n)

Male

Female

Total

Three of the patients with extensive adhesions re-

presented between four and 14 months postoperatively

with reccurent pain. Two of these had repeat laparoscopies;

one patient had recurrent omental adhesions, the other
was adhesion free. The third patient was diagnosed and

treated for constipation, with no further problems. The

remaining six patients in group B are free of pain.

DrscussroN

Apley defined recurrent abdominal pain as,that
occurring in children who have had three distinct attacks

of abdominal pain in athree-month period.zThedilemma
in the management of such children is in distinguishing
those with organic versus non-organ ic aetiological factors.

Woodward et al suggested that it seemed sensible to
perform elective appendicectomy on children on their
third admission for nonspecific abdominal pains.3

However, there has been a natural reluctance to go this

extra step for fear of putting a patient through a 'needless

surgical procedure'. Additionally, unless one performs an

extensive incision, it is not possible to explore the entire
abdominal cavity adequately through an appendicectomy
tncrsron.

As an example of the difficulty management of these

patients, one .l 3-year-old boy with recurrent RIF paìn,

nausea and lossof weight had been extensively investigated

with negative results, and was referred for psychiatric
review and commenced on antidepressants, without relief
of symptoms. There was reluctance to perform a

laparotomy on this patient, but the family were happy to

consent to a diagnostic laparoscopy. At surgery, no

pathology was identified, but a h igh retrocaecal appendix
was removed laparoscopically. Histologically, the

appendix showed features of past inflammation with

No

adhesions

(n)

Minor
adhesions

(n)

0

5

5

0

2

2

'I

1

2

1

I
9
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chronic inflammatory bowel disease, Meckel's
diverticulum, and pelvic and ovarian pathology with
certa inty.

This study demonstrates that laparoscopy can be a

useful diagnostic and therapeutic tool in the management

of childhood RAP.
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Lapat scopic surgery:
aÍratomic and physiological aspects in children

H. L. Tfu\

Although Semm. was the first surgeon to
describe complex laparoscopic procedures, it
wa-s Mouret who led the revohrtion in general
surgery when he described Laparoscopic
Cholerystectomy that has become universally
accepted today as tb.e treatm.ent of choice for
cholelittriasis. Paediatric surgeons have been
a Licle more reluqtant to embrace I-aparosco-
pic surgery until relatively recently. One
irnportant problern encountered at the begin-
ning was the size of the instrumentation
availaþls. It made no sense to use adult tele-
scopes and standard l-0 rnrn cannulas for
laparoscopic operatioûs oû infants when
many paediatric procedures are performed
through incisions that are often not much
more tt:art 2-3 cm long. This problem has
since been ¡esolved by the development and
design of infant operative laparoscopic
instruments also keeping in mind that ctril-
dren cannot be seeû as a small adult and
there are important anatornical and physio-
logical differences. Norwithstanding these
differences, mao.y advances have now been
made in Paediatric laparoscopic surgery and
sufficient experience has been gained to
make some preliminary assumptions.
Contrary to expectations, diagnostic laparos-
copy are not done as corn.nonly: the easily
availability of CT scan-aing, ultrasouod and
MRi has permitted such an accurate and a
totally non invasive means of delineating
intra-coelomic pathology that there has been
rarely a need to perform laparoscopy. The
need for a large tissue core has lead to the

.{eldress rcprint ret¡uests to: f-loe k L. T.ln - Clcneagles
\ferlicul Ccntrc (j N:rpier Road - {)l-0-ì - Singapore 1025,

From tbe Depaftment c,i'Pediatric Surgery,
Royal Cbilclren's Hospital

.l I ¿ I bou rn e, Austra li a

increasing use of endoscopic techriques not
only to stage malignancies. but to obtain a
suffìciently large tissus 5rmple for cell cul-
ture. It is too early to draw conclusions about
the relative rnerit or otherwise of laparoscop-
ic versus open operations. Tb,e question that
needs to be asked is whether it necessary for
the results of laparoscopic procedures to be
better than open operation- The irnportant
consideration surely is thar it has to be safe.
Iilie in adult surgical pracdce, laparoscopic
surgery is here to stay.
Keç worcls: T âparoscopic surgery - Paediatric
sufgery.

L aparoscopy in Paediarnc surgery in nor
new

Drs. Stephen Gans and George Be¡ci in
1970 investigated laparoscopic applications
in Children and reported :r to be a useful
diagnostic tool. It was nor possible with
the technology ar,'ailable :hen ro perform
anything more than a dizgnostic laparos-
copic examination or simple biopsies.

Unfortr-rnately, 7970 also saw the intro-
duction of CT scanner by LVÍL Tl-ris togeth-
er with che later developmenr of abdomi-
nal ultrasor-rnd in-raging orovided a very
accurate rneans of cliagnosing abdominal
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pathoiogy without having to resoft ro lapa-
roscopy and hence it clid not become pop-
r-tlar except perhaps for the cliagnosis of
the incra-abdominai testis.

Parallei development of new technology
in the last decacle increased the potential
for iaparoscopy to be much more than a
simple diagnostic tool. Verv high incensiry
light sources such as the Xenon or Metal
Halide lamps, the availabilirv of high reso-
lurion video monitors and miniature
charged coupled device (CCD) video cam-
eras pelmitted very high quaÌitç video
images ro be transmitted in low lighting
conditions allowing large cavities to be
examined wirh such ciariry and resolution
that a completely new dimension s-:rs add-
ed to endoscopy. This allow'ed a high res-
olution image from a camera to be
a¡tached ro the eyepiece si'hich cor-rld be
now be heid by an assistanr, enabling the
surgeon to operate wi¡h both hands as in
open surgery, and signified a major
advance in the abiliry to manipuiate tissues
and perform complex operatlve proce-
dures endoscopicaliy

Altl-rough Dr Kurt Semm from Keil was
the first endoscopist to clescribe complex
laparoscopic procedtrres such as hparos-
copic Appendicectomy and Hysterecromy,
it was Dr. Phillip lVfouret w-ho led rhe revo-
Iution in Adult General Surgery svhen he
described Laparoscopic Cholecysrectomy
in 1987. Drs Dubois, Perissat and Redclick
subsequently popularised laparoscopic
Cholecysrectomy and in spite oi initial
resistance and oucrage at the intrccluction
of a radically new treatment. it has become
universally accepted today by aduh gener-
ai surgeons as lhe treatment of choice for
cholelithiasis.

Paediacric surgeons have been a little
more reluctant to embrace Laparoscopic
surgery r-rntil relatively recenrly and tbr very
good reasons. The introducrion of e Veress
neeclle was still seen as a potentiaily hl.z-
ardous procedure in a small infanr. brrt this
was soon overcome by the adoprion by
most centres of the open laparoscopy or
"H¿rsson" methocl, reducing rhe risk of, inad-
vertent visceral or vascular damage.

L\PAROSCOPIC SURGERY

Another problem encountered was the
size of the laparoscopic instrumentation
available, as the adult instnrnìents were
unsuitable for use in small infants. I¡ made
no sense to use adult telescopes and stan-
dard 10 mm cannulas for laparoscopic
operations on infan¡s when many paecliat-
ric procedures are performed through inci-
sions tha¡ are often not much more than 2-
3 cm long. Such large insrnrmencs ancl can-
nulae also lead ro a rapid and substantiai
loss of pneumoperitonetrm in a small cav-
iry- that will only accommodare i00 ml of
(.L I -.

íhe problem of inadequate instrumenra-
tion has since been resoh-ecl bv the devel-
opment anci design of infanr operative
laparoscopic instruments s-hich has
extended laparoscopic surgen- to infants,
and we have seen increasing scceptance
of Paediatric Laparoscopic Surgen- in the
past tçvo years.

Children cannoi be seen as a small adult
and ¡here are importanr anaromical and
physiological differences.

Anatorlic differences

Tbe t¿mbilicus

The umbilicus is lery busy in a neonate.
The rwo umbilical aneries (lateral r-rmbilical
ligaments) and ¡he umbilical vein (ligamen-
tum teres) are not oblirerated lor several
weeks. There is a oorenrial risk oi gas
embolism if CO, is iruuftlrred unknowin-gly
in¡o these r-rnobliterared vessels by any
blind puncture ¡echnique. The urachus is
also a prominent struc[rre and rhe combi-
nation of the umbilical aneries and urachus
makes ¡he intra-umbilicat a buw region in
an infanr. it therefore makes more sense to
perform a slrpra-umbilicel rather rhan an
infra-r-rmbilicai rpproach s,hen esteblishing
che primary trocar.

The neonatal bladder is an inrra-rrbdonri-
nzrl organ. This presents special problems
in cannula placemenr in rhe supra pubic
area, as nol only is rhe l¡ladder more srrs-
ceptible to inadverrenr perfor:,rrion in
infants, but the perironeum is elso espe-
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cially lax in the supra pubic region causing
the parietal peritoner,lrl lo tent awa\¡ from
the advancing trocar making the Lnuoduc-
tion of supra pubic rrocars more difficult.

L¡,PAROSCOP tC SI- RC ERY

Tbe upper abdomen

The falciform ligamenr and the umbilical
vein remnant (ligamentum teres) are very
promirrent strlrcrures in infants and chil-
dren. A Veress needle inrrodr-rced in che
midline in the upper abdomen rr,ill dissect
berween ¡he rçr¡o loosely artached rblds of
periloneum lorming ¡he falciform lieament,
and it is easv ro be "losr" in rhis fold.
Sirnilarly, when performing a Hasson
Open Laparoscopv. ir is easier ro make a
transverse incision in the iinea alba co gain
entry inro the abdominal caviry rarher than
use a rrricl Ìine incision as pracriced by
adults surgeons, lor the same reason.

The liuer

The neonatal ancl infant liver or-erhangs
the cosral margin, and i¡s lower nargin
reaches the umbilicus in neonates. There is
a risk of injun' to the liver if blinc punc-
rures are made in rhe upper abdornen in
very \:orrng infants. Er,'en under direct
internal endoscopic conrrol. rhe rip of the
cannulas can be perilouslr- close ro the
anterior surf'ace of the liver.

Relationsbip of otber abdominal t'is;era

The inlèrior vena cava and aorta :s bare-
ly I crn away trom ¡he anrerior abcominal
wall.

Because of rhese differences highiighced,
we do not reconunend the use of ¿ Veress
needle in small babies ancl infarcs. We
have '¡, r-lniversal ruie to use oniy tie open
Laparoscopy rechnique in or-rr insii¡r.rtion
and have not to dare wi¡nessed ani- trocar
injr-rries in anv parienc.

proximiry of adjoining viscera makes the
use diathermy more hazardous.

However the smali size also means that
is very easy for the surgeon to have easy
visual access to every abdominal -¡iscera
apart from the retroperitoneal structures.

Physiolo gical differences

Respiration

Infant breathing is predominancly dia-
phragmatic, and the disrension of the
abdominal caviry in small infancs will lead
to splinting of rhe diaphregm leading to
increased ventilarion requirements. Not
withstanding this, it is still .oossible ro per-
form safe laparoscopic insutflation in neo-
nates if the insuffladon pressures are kept
beiow 10 mmHg. Some aurhors have
advocated using a lower abdominal insuf-
flation pressure, but rhis makes the inrro-
duction of trocars and cannulae difficuh,
and there is little to be gained from having
too low a pressure.

Hypotbermia

Because the insufflared CO. ís cold,
there is a potential for snall children to
become hypothermic dunng laparoscopic
surgery especialiy if higir gas fìows are
trsed. The answer ro safe hparoscopic sur-
gery in infants is noc ro u:e high insuffla-
tion but instead to pay an:nrion ro details
to minimize gas leak by ;nsuring tl-rac all
cannulae and instrunlenlç hal-e adequale
ancl sound gas seals.

Norwithstancling these dJferences, m ny
advances have now l-''een made in
Paediatric laparoscopic sugery, and suffi-
cient experience has been gained to make
some preliminar,v assu:nptions aboul
Paediatric Laparoscopic Su¡gery.

Patients and met-hods

Laparoscopic p roced u res i n c bi ld ren

D iag nost ic lapa roscop.,,.-Conrrary to
expectalions, ciiagnostic laparoscopy are

TÀN

Size oJ tbe pediatric abdontetz

There is very lirrle room in a baby to
perforrn certain laparoscopic proceclures
.such rr.s intracorpore¿rl knor tying, tnd the
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not done as commonly as one wor-rlcl
expect at the tal.
The easily av ng,
r-rlÍasound and an
accurate and a totally non invasive means
of deline ic pathology
that there need to per-
form lap ir has been
shown to in three areas
namely the irnpalpable resds, in childhood
malignancies and in rhe diagnosis of
chronic inflammatory bou-el disease.

Lctparoscopy for undescencled. testís.-
Although undescended restts remain one
of the corrunonest paediauic surgical con-
clitions, rhe majorin' of undescended testis
are in the superficial inguinal pouch or
within the inguinal canal, end only I to 3o/o
of r-rndescended restis rrc truly intra-
abdominai and requiring laparoscopy. Our
currenl indicarion for laparoscopy is in the
patient in whom neither rhe cord nor the
testis can be felt in rhe inguinal canal on
EUA. If ei¡her of rhe resris or rhe cord can
be felt, ir has been our experience that one
will eirher find an emergent testis which
can be broughr down bv conventional
orchiclopery or else ir is iikely ro be an
atrophic resris.

Using our currenr indications, we have
only performed 2+ diagnostic laparosco-
pies for ¡he rruiv impaipable tesrls. In
Twelve of 24, a blind ending vas was
found confirming che diagnosis of rhe dis-
appearing testis. The vesrigial cord srruc-
tLrres were excised in all rhese cases con-
firming the diagnosis. On-ly, eighr parienc
had an abdominal resris and all underwenr
a stageci Fowler Srephens procedure with
lv/o tesricular atroph¡l to clate. Four
patients were found to hav'e emergent tes-
tis Iying $'irhin rhe inguinal canal and all
these patients hacl .rn open orchidopexy
where ¡ire restis were successttrlly br.or-rghr
down.

Iaparoscopy in cbildboocl malignan-
cy.-This rnay yet prove ro be an impor-
tant inclicîrion for diagnosric :rncl theraper-r-
tic lzrparoscopy. While percLltaneous nee-
dle biopsies have been used in our insritu-

LAP.\ROSCOPIC SURGERY

tion for histological diagnosis of childhood
malignancies, the need for a large ilssue
core has lead to the increasing use of
endoscopic techniques nor only to srage
malignancies, but to obtain a sufficienrly
Iarge tissue sample for cell culture.

'We have also employed endoscopic
techniques in conjunccion with conven-
tional organ imaging to .srage ftrmours and
are in the process of evaluating its useful-
ness as a staging modality.

One of the most useful indication for
laparoscopy is the chilcl on chemorherapy
with an acute abdomen. There is generally
a great reluctance ro perform explorarory
laparotomy on these children who are
generally neutropenic and have associa¡ed
clorting disorders, as laparoromy is asso-
ciatecl with significanr rnorbidirv of wound
dehiscence and bieeding. \\b have found
laparoscopy a mosr useftrl diagnosric rool,
and contrary to mosr beliet_s. the presence
of a coagulation disorcler is not a conrra-
indication.

Otber diagnostic procedures.-l¡'5 role in
chronic inflamma¡orv bos'el disease is
being evaluated ar olrr insrirurion. \fhile
Crohn's Disease is usuallv diagnosed on
colonoscopic biopsies. we hlr-e r-rsed lapa-
roscopy to successfullv diagnose Crohn's
in patients where rhe Gascroscopy and
Colonoscopy have not been conclusive.
'\X/e believe tha¡ ir n-ill have I r,rseful place
in the managemen¡ oi Chronic Inflamma¡o-
ry bowel disease.

Otb er laparosc op ic p roc edtt res

Cbolecystectomy.--lholelichiasis is a rel-
atively Lrncomlnon condition in children,
but nonetheless, is one o[ ¡hose condi¡ions
which is now also universally done lapar-
oscopically, and rhere is no longer any
argument that chis is the procedure of
choice.

Appenclicecto my-ytke manl' other insri-
ttrtiõns, laparoscopic eppendicectomy is
the commonest procedr-rre performed in
ourr instittrtion. ivlosr patienß can be dis-
chargecl wi¡hin 2+ hours after e rourine

¿.
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laparoscopic appåndicectomy. bur rhe
experience in our insdrution is that there is
not much difference in rhe length of hospi_
talization for children with severe appenãi-
citis, as these patients r-rsually require post
operative intravenous antibiotics tbr trear
ment of rhe inra-abdominai sepsis.

Although rhe aclvan¡age of appendicec-
romy is not a clear cut in terms of reduc-
tion of hospital sray, there is no doubt rha¡
re[urn to normal acrivity is quicker follow-
ing a laparoscopic appendicecronl\-.

. Ftr.ndoplication.-Laparoscopic fundop-
lication is being reported in children wirh
increasing freqr-rency, and although targe
serres are not yet available, ir wouid
appear rhar this operarion has merir in the
managemenc of gastro-oesophagerl reflux.

Lap aros c opi c p1t I 67 s*, o t o my.-\Ye ]nav e
now performed 4> laparoscopic p1'lorom-
yotomies Ín our insticution withour conver-
sion to open operation or failures. W-e
have not seen mucosai perforation in our
series, br:c other authors have reponed dif-
ficulties wirh rhis procedure wirh unrecog-
nisecl mlrcosal perforations and conver-
sions to open pyloromyororlly.

ALthough this is a rechnicaily easl' lapar-
oscopic procedure to perform, anenrion to
decail is required ro achieve low morbidin..
Or.rr resulrs wich iaparoscopic prloronlyo-
tomy is tr least as good as conrencional
open Pyloromvotomy, and we n'ill contin-
ue to perfbrm this proceclure as one of
choice.

Laparos cop ic nep b rectorny.-N¡e have
now performed fifteen laparoscopic neph-
recromies including 4 partial nephrecro-
mies for duplex systems. There has nor
been any conversion lo open nephrecto-
my, and no laparoscopic relaced complica-
tions. One parienr with a non funcrioning
kidney irnpacted wirh calculi developeã
post operative sepsis, and one parienr had
intra-operative bleeding from a renal ves-
sel injr-rry which was conrroiled laparos-
copicaily, buc all children have done well.

Or-rr laparoscopic nephrectomies have
all been performed via rhe intraperironeal

lnstrument trocars.

Dis cuss ion and conclusiorus

It is still too early to draw conclusions
about the relative merit or ocherwise of
iaparoscopic versus open operarions.

The qtrestion ¡hat needs ro be asked is
whecher it necessary for the resuks of
laparoscopic procedr-rres to be better rhan
open operation? The importanr considera-
tion surely is ¡hat ir has ro be saf-e. If ir can
be proven that any one laparoscopic pro-
cedure is as safe as its open counterpan. is
this not sr-rfficient reason ro offer the bene-
fits of a minimally invasir-e procedure ro
your patienrs? The benefi¡s of minimal
pain. minimal disfiguremenr and perma-
nent cosmetic defect rnav be of secondary
importance to Surgeons, but is of primary
concern to ouf patients.

Like in adr-rit surgical pracrice. Laparo-
scopic sLtrgery is here to sray.

Riassunto

TAN

;'J
l¿
I

La laparoscopia nell':rmbi:o delle chirurgia
pecli'.rcrica non è rrna procedu:f, nuor-a anci:: se
solo negli ultimi anni ha avuro una er-oluzione ¡ale
de divenire rrna recnica rorrtinacr.

Sebbene Semrn negli anni lú sia srero il piimo
chirurgo ad effertuare la laparoscopi:r opera:rva,
esegr.rendo le appenclicecromie. [e isrerecromie e la
legarura delle rube secondo nodalirà tecn.iche
nrini-invasive, è solo grazie a lfourer che la chirur-
gia laparoscopica è clivenuta una merodicz :ìâo-
dard per alcune applicazioni della chirurgia gene-
r'¡le.

I chirurghi pediatri, grazie all'esperienza rna¡rra-
ra nel paziente adr.rlto, lranno poruro confronsre e
sperimentare le caratteristiche peculieri di quesra
nuova chirurgia nei piccoli pazienri.

I principali problerni incontrari sono legati a vari
paranrerri: le ditTerenze anaromiche quali le carar-
terisriche della regione ornbelicale del neonaro, il
legamenro falciforme, l'ipenrofia clei seggnenri ;ini-
srr-i del tègato, le dimensioni della crr.irì addomi-
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nale, etc. sono alcLrni aspefti che rendono l'accesso
rnini-iovasivo nel bambino non completamente
paragonabile al paziente adr-tko.

Vi sono anche differenti risposte lunzionali; il
respiro prevalentemente addominale e la risposra
particolarmente accentuaea all'ipoterrnia hanno ihr-
to si che le procedure, proprie della chirurgia
generale dell'adulro, venissero personalizzrce,
sopratrLrtro nel neonaro e nei pazienti con erà infe-
riore :.ri ctue, ¡re anni di virx.

Generalmentc, i chirurghi pediacri, in quesci
anni, hanno dimostrato un limitaco inreresse verso
questa nuova merodica sopracrurto per i riscli ad
essa leg'.rci e per il concerro. non sempre corre[o,
che qrrasi tuni gìi inrervenri pediarrici sono di oer-
sè minimamenre invasivi. L inrroduzione dell'aeo di
Veress è sempre srzìto Lrno scoglio che ha ieso
qrresta procedr-rra non scevra di rischi. se noo ese-
guita in mani esperre. Un altro problema er: la
dil¡ensione degli srrr-rmenri creari per il pazience
ach-rlto e che solo da uno o clue anni sono sraii
personalizzari per il piccolo pazieale.

Tuttavia, in aicuni cenrri, I'amplianrenro deil'e-
sperienza cecnica ha dimosrraco Ltna notevole uti-
lità della chirurgia video-assisrita, soprerrurro per la
diagnostica del resricolo non palpabile e per la sta-
diazione dei rumori. inolcre, per le procedlrre coe-
rative qr-rali la colecisrecromia, la Nissen, la piloro-
plasrica e la neÍrecromia ha dimosrraro [a ;r-ra
imporranza oFfrendo numerosi vanraggi.

E roppo presro per porer porrare clei risuleii e
delle conch-rsioni definirive. Ancora, per ciesrr-rn
intervento, ci domandiarno quale sizr il mi¡:iior
approccio in quanro siamo solo all'inizio di .tna
esperienza che non può permetersi errori. Inclrre
bisogna sempre rener presenre che il piccolo
paziente non è r.rn adulto in miniatr-rra lna è un
enlirà plrfticolare con caracreristiche '.rnatomici-e e
risposce lisiologiche differenri e qr-rindi non pÍ:!-e-
dibili solo applicando le esperienze rn¿rrurare sul
pazienre adrrho.

Parole chiave: Chirurgia lnparoscopica - Chin::gia
pediatrica.
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Introduction

by EMI of the computerized tomography (CT)

rðun.r"r. This, together with the development of
ultrasound imaging, and later magnetic resonance

to diagnose intra-
sive means, hence
role except in the

tes until relativelY

(CCD) video cameras allowed a miniature high-resolu-
tion camera to be attached to the eyepiece which could
be now be held by an assistant to transmit very high-
quaiity endoscopic images onto a video monitor. This
advance ied to encloscopic perfbrmance of complex
operative procedures.

Kurt Sem¡l frorn Keil was the fir'st to describe corn-
plex laparoscopic plocedures such as appendicectomy
and hysterectomy. Dr Phillip Mouret led the revoltttion

in adult general su laParoscoPtc

cholecystectomY c cholecYs-

tectomy was subs Drs Dubois,

Perissat, Olsen and Reddick and although there was

initial resistance and concern, it has become universally

accepted today by 'adult' general surgeons as the

treatment of choice for cholelithiasis.

Veress needle in children has been reported at between

3Vo and 10%, which is unacceptably high. However, the

adoption of the open laparoscopy or Hasson technique

for ìhe introduction of the cannula has virtually elimi-

nated the risk of inadvertent visceral injuries, and has---.

made laparoscopy in infants much safer bringing about

greater acceptance of laparoscopic surgery.

The size of the laparoscopic instrumentation has

ic instruments
this with the

mm diatleter
were largelY

unsuitable for use in small infants. It is senseless to

make several l0 mm incisions for laparoscopy il
infants when many paediatric procedures are performed

througtr incisions t^hat are ofien not much more than

2-3 crn long.

F
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826 Paediatric laparoscopic surgery

These problems have since been resolved by the avail-
ability of shorter paediatric laparoscopic instruments and
appropriately smaller diameter trocars. The recent intro-
duction of the microlaparoscopy, with instrument diam-
eters of 2-3 mm will see further adaptation of this to
paediatric laparoscopic surgery, as these newer instru-
ments can even be introduced through intravenous can-
nulae, furthcr minimizing the trauma of surgical access.

Although paediatric laparoscopic surgery is safe,
there are significant anatomical and physiological dif-
ferences which have to be taken into account when
attempting laparoscopy in children.

Anatomical differences

THE UMBILICUS

In a neonate, the two umbilical arteries (lateral umbili-
cal ligaments) and the umbilical vein (ligamentum
teres) are not obliterated for several weeks and there is
a potential risk of gas embolism if CO2 is insufflated
into one of these patent vessels by a blind puncture
technique. This is attached to the umbilical cicatrix in
an infant. Owing to these anatomical features, it is
generally wiser to establish the primary trocar in the
supraumbilical region in infants. In older children, this
difference is less obvious.

THE BLADDER

The neonate bladder is an intra-abdominal organ. This
presents special problems, as the bladder is more liable
to inadvertent perforation in infants. The peritoneum is
also lax in the lower abdomen, allowing the parietal
peritoneum to tent away from the advancing trocar,
making the introduction of suprapubic and lower
abdominal trocars diffi cult.

The inferior epigastric a¡teries are especially promi-
nent in young children and is the most common vessel
injury reported in both paediatric and adult laparoscopy.
Care must be taken to avoid damaging this vessel.

THE UPPER ABDOMEN

The falciform ligament and rhe umbilical vein (liga-
mentum.teres) form a very.prominent fold in infants
and children. It is easy to become 'lost' within this fold,
when performing a Hasson open laparoscopy using a
midline incision in the linea alba. It is therefore easier
to make a transverse incision in the linea alba to gain
entry into the abdominal cavity.

THE VISCERA

The neonatal and infant liver lies below the costal mar-
gin and reaches the umbilicus in neonates. The inferior
vena cava and aorta are barely 1 cm away from the ante-

RESPIRATION

Infant breathing is predominantly diaphragmatic and
the increased ìntra-abdominal pressure frJm insuffla_
tion will splint the diaphragm leading to increased
ventilatory requirements. This can be witnessed as an
immediate rise in end tidal CO2 of about 10 mmHg
when the abdomen has been insufflated. This is cor_

less splinting of the diaphragm, but under 10 mmHg
the introduction of secondary trocars and cannulae
becomes extremely difficult and hazardous.

rior abdominal wall and can be at substantial risk from
perforation by blind trocars techniques even with the so_
called safety shielded trocars. It is therefore recorn_
mended that all instrument trocars be introduced by
direct internal video inspection to avoid visceral damagé.

Physio Iogical differences

HYPOTHERMIA

There is a

hypothermia
Maintaining
insufflation i
insufflated CO2 is cold, and substantial heat loss can
occur. The answer is to minimize gas leakage by using
the smallest diameter cannulae possible and ensuring
that all cannulae and inslruments have adequate and
sound gas seals.

There is an àdditional safery concern with high flow
insufflators as most manufacturers have a default set-
ting of I litre of CO2lmin, and do not allow insufflation
at less than this rate. Given that a neonatal abdomen can
only hold 500 ml of CO2 when fully inflated, using high
flow insufflation can cause the abdomen to distend too
rapidly, and possibly result in a¡rythymias.

Nolwi,qþ9.tand!¡g q!f !þeçe pgteqli.ql limitations, many
advances have now been made in paediatric laparo-
scopic surgery, and sufûcient experience has been
gained to establish an increasing role for laparoscopic
surgery in paediatric surgery.

Laparoscopic trocar techniques

THE HASSON TECHNIQUE

Open laparoscopy or the Hasson method for the intro-
duction of the primary trocar is safe and does not
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take any more time than using a blind Veress needle.
d that there are many variations in
technique used by the author will
has been shown to be quick, easy

A full thickness supraultìbilical semicircumferential
incision is made in the skinfold down to the level of the
linea alba. The plane between the subcutaneous fat and
linea alba should be developed sufficiently to allow two
pairs of haemostats or Kocher's forceps to be placed on
the linea alba ro lift the linea alba into the ùound. A
transverse incision is then made in the linea alba
between the two instruments, whereupon the under_
lying round ligament in an infant or the translucent
parietal peritoneum will drop away from the linea
alba. The peritoneum is then held between two
mosquito haern
access into the
diately obvious
lifting the linea
nal cavity, and you should immediately recognize
normal viscera, usually omentum, underneath. If you
are nof sure, then in all probability you are still
extraperitoneal.

In a small infant, it is easiest to hook the umbilical

car and thus prevent gas leakage. The same suture çan
be used to close the defect by tightening the purse string
at completion of the laparoscopic procedurè. We havé
not to date witnessed any trocar injuries in any patient
using this method.

SECONDARY TROCAR PLACEMENT

While it is easiest to introduce instrument trocars in
older children by a direct puncture technique, in chil_
dren we recommend that a small full-thiòkness skin
incision be made which is wide enough to accommo_
date the cannula as this is the most diffiõult layer ro pen_
etrate. In neonates and infauts, this incision is extendedasafull withall under
di¡ect vi ab is then iently
by sprea faight mo along
the tract trocar can in an
atraumatic manner.

EY E_HA N D CO-ORD I N ATIO N AN D
PARADOXICAL MOVEMENT

This problem of displaced visual co_ordination has
been studied by Kohler in 1939 where he and other

on the other side facing the surgeon, working from a
second video monitor. The assis-tant is now iorced to
work with second-order paradoxical movement and the

The ergonomics of laparoscopic
r

Unlike conventional surgery, lapar.oscopic surgery isnot intuitive. The general principles so often used to
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Ergonomic rule:
Surgeon assistant and scrub nLtrse must be on the
same side.
The video ntonitor must be straiSht ahead, and camera

ltoirttittg lotvurds î1rc tttottitor.
Do not use rnore then otrc video monitor.

The natul'al instinct is for surgeons to place instrument
and cannulae as close to the operative field as possible,
but this is impractical in laparoscopic surgery, as plac-
ing instrument and telescopic ports too close to the
operative field will only restrict the ability to manipu-
late instruments around the fulcrum. As a general rule it
is best to piace trocats and cannulae about half the
working length of your telescope and instruments away
from the operative field.

There is much more to the ergonomics of laparo-
scopic surgery whieh cannot be effectively covered in
this general chapter, but this gives an inclication on the
differences between open surgery and laparoscopic
surgery.

Operative laparoscopy

D I AC N O ST I C LAPA ROSCO PY

Contrary to expectations, diagnostic laparoscopy is not
perFormed as often as one would expect. The avail-
ability of CT scanning, ultrasound and MRI has permit-
ted an accurate and non-invasive means of delineating
intracoelomic pathology, so that there is rarely a need to
perform laparoscopy. It has been useful in three
areas, namely for impalpable testes, in childhood malig-
nancies and for the diagnosis of chronic inflammatory
bowel disease.

LAPAROSCOPY FOR UNDESCENDED TESTES

Although undescended testes remain one of the most
common paediatric surgical conditions, the majority of
undescended testes are in the superficial inguinal pouch
or within the inguinal canal, and only l-3%o of un-
descended testes are truiy intra-abdominal and require
laparoscopy. Laparoscopy is only indicated rarely and
oniy in the patient in whom neither the cord nor the
testis can be felt in the inguinal canal. If either of these
structures can be felt, one should proceed to conven-
tional inguinal exploration to bring an emergent testis
down or to remove an atrophic testis.

Technique

The patient is positioned close to the foot of the table
with a video monitor placed in the midline between the
assistant ¿rnd the surgeon. The patient should be posi-
tioned head down and the bladder emptied immediately
prior to surgery. The surgeon should stand on the con-
tralateral side to the testis being explored.

A 5 mm Hasson cannula is inserted by the method
already described, and general laparoscopy performed.
It is necessary to insert two 5 mm instrument ports, one
in the contralateral iìiac fossa, and the other on the ipsi-
lateral side in the same line as the internal ring but
above the umbilicus, as this will facilitate instrumenta-
tion, The internal inguinal ring is easily identifrable by
following the external iliac vessels to where it meets the
inferior epigastric vessels.

If an indirect hernia is present, the telescope is
advanced into the inguinal canal and a testis if present,
will be easily seen. If there is no hernia sac, it may be
possible to identify the gubemaculum and, then follow it
proximally to the intra-abdominal testis which is some-
times hidden behind the caecum or the sigmoid colon.

Another alternative is to locate the vas deferens
behind the bladder and follow it either ro its blind end-
ing, or to the testis.

An atrophic testis can be easily removed using the
'Tan' bipolar forceps, specially designed to coagulate
and cut at the same time.

If a testis is found in close proximity to a sac, try to
relocate the testis into the inguinal canal. If you can
easily do this laparoscopically, then convert to conven-
tional orchidopexy, as it should be possible to bring this
emergent testis into the scrotum. If on the other hand,
the testis is truly well away from the internal ring, then
one should attempt a staged Fowler-Stephens proce-
dure. There are many ways to divide the internal sper-
matic vessels including the use of titanium clips, and
the use of extra or intracorporeal suturing. In reality, it
is just as easy and considerably less expensive to
coagulate the vessels with the 'Tan' bipolar forceps,
dividing the vessels in the process.

A second-look laparoscopy should be performed
6 months later and orchidopexy performed entirely
laparoscopically by mobilizing the testis with its vas

and vessels on a cuff ofperitoneum. The inguinal canal
will be absent in this instance, but one can be created by
pushing a laparoscopic dissector from the internal ring
lateral to the inferior epigastric vessels, into the scrottllll
where a sub-dartos pouch is created. A straight haemo-
stat is then introduced up this tract created to grab the

intra-abdominal testis to bring it into the scrotum.

LAPAROSCOPY IN CHILDHOOD MALIGNANCY

This rnay yet prove to be an important indication for

malignant tissue.
Itìs possible to obtairì a large sarnple of neuroblirs-

toma tiisue lor n-tttyc on"og.ñ" stLlcJìes, but blcccliltg

can be extrernely difficult to control rtnless onc pcr-

94



forms the biopsy through the mesentery of the bowel'
This allows the mesentet'ic defect to be sutured over to

tarnponade any likely bleeding in the retroperiloneum'

We have also staged tumours laparoscopically and

this is especiaìly useftrl in pelvic sarcomas where it can

be difficult to tell on conventionai organ imaging if there

is local is required, il is an

easy ex heroPexY bY sutur-

ing the abdominal wall.

One for laParoscoPY is

the child on chemotherapy with an acute abdomen'

There is generally a great reluctance to perform
exploratory laparotomy on these children who are gener-

ally neutropenic, with associated clotting disorders and

poô. *ounã healing. Laparoscopy is a most useful diag-

nostic tooi and, confrary to most beliefs, the presence of
not a confta-indication. We
ctomies in such children for
perative problems.

CH RON I C I N F LAMMATO RY B OWEL D ISEAS E

The role of laparoscopy in chronic inflammatory bowel

disease is being evaluated. While Crohn's disease is usu-

aliy diagnosed on colonoscopic biopsies, laparoscopy

trai Ueen used to diagnose Crohn's disease in patients

where the gastroscopy and colonoscopy have not been

conclusive. It is easy to identify the typical features of

Fig. 83.1 Theatre layout of lap appendectomy.

peritoneal cavity, pelvis and subphrenic spaces at a

ical Hasson trocar, and two other instrument ports, one

in the midline in the suprapubic skin crease and the

other in the right upper quadrant of the abdomen about

10 cm above the caecum.
There are many ways of controlling the mesoappen-

dix including the use of an extracorporeal endoloop

suture to ligate the rnesoappendix en masse, and the use

of titanium clips or Endo-GIA to divide the appendiceal

artery, our
appendix u
While it is p
trol the mes

Other Ia procedures

CHOLECYSTECTOM\

Cholelithiasis is a reiatively uncommon condition in
children, but it is now accepted that laparoscopic chole-
cystectomy is the procedure of choice.

We have not found it necessary lo perform intraoper-
ative cholangiography if the patient has normal liver
function and a normal preoperative ultrasound demon-

strates non-dilated bile ducts.

APPENDICECTOMY

In many European institutions, Iaparoscopic appen-

dicectorny has become the rnost common procedure
perforn-red in chilclren. Most patients can be discharged
within 24 hours of lapaloscopic appendicectomy'
except for when there is accompauying pelitonitis, or if
the appenclix is perforated or associated with an appen-
dix abscess.

Contlaly to tnosL bclieis, it is possible to perlorm
a thorough clebticlenterlt and lavage ol tlie erltile

Other laparoscopic procedures 829

Assistant
surgeon

Surgeon

Scrub
nurse

6 mm ìnstrumental Port

10 mm Hasson port

Video

4.5 mm instrumental Pod

Fig, 83.2 Port positiorrs [or laparoscopic .rllpendectonty'
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Fig.83.3 Laparoscopic appendicectomy: (A) Endoscopic view of inflamed appendix. (B) DividinB appendiceal ,artert
with Tan Bipolar forceps. (C) Skeletonizing appendix. (D) Appendix skeletonized to base. (E) Base ltgateo tr'""

EndolooprM. (F) Appendix being divided.
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appendicectomy, as the return path for the current is
through the base of the appendix, and caecal perforation
has been reported using a monopolar technique. The
stump of the appendix can be ligated with two
endoioops, and there is generally no need to perform a
purse-string suture to bury the stump.

FUNDOPLICATION

Laparoscopic fundoplication appears to be the most
common laparoscopic procedure performed in North
America, where the experience with gastro-oesophageal
reflux appears to be different from the European counter-
parts, and successful laparoscopic fundoplication has
been reported in infants as young as 4 weeks old.

This is not an operation to be performed by the
novice laparoscopist as it requires dexterity and skills in
intracorporeal suturing. There are also inherent dangers
of breeching the mediastinal pleura when dissecting the
crura resulting in a left tension pneumothorax, and there
have been reported cases of injury to the aorta at laparo-
scopic fundoplication. In the hands of the skilled
laparoscopic surgeon it is a relatively easy operation
and may reduce operative morbidity.

We have not found it necessary to divide the short
gastric vessels in performing laparoscopic fundoplica-
tion, and the left lobe of the liver can be retracted
upwards away from the hiatus without a need to
mobilize it. i
LAPAROSCO P I C PY LO ROMY OTOMY

Laparoscopic pyloromyotomy remained contentious for
a while, as it appeared to make hard work of a relative-
ly simple open operation. However it has now been
demonstrated by many centres to be a safe procedure
with minimal morbidity and is being increasingly
accepted as the operation of choice for infantile hyper-
trophic pyloric stenosis. The results have been shown to
be at least as good as conventional pyloromyotomy.

Video

Technique

There are three ways to perform laparoscopic
pyloromyotomy, these a¡e Alain's, the author's ánd
Rothenberg's but only the author's technique will be
described.

Figure 83.4 illustrates a suitable theatre layout for
laparoscopic pyloromyotomy and Fig. g3.5 shows the
Ramstedt's port positions for this procedure. The stages
of the laparoscopic pyloromyotomy are shown in
Fig. 83.6.

The stomach must be emptied with an oro gastric
tube. The patient is positioned at the foot of the operat_
ing table, and the surgeon sits at the end, with an assis_
tant surgeon on the right of the surgeon. The video
monitor is placed on the left-hand side of the operating
table at the head end so that it is in the same visual üné
to facilitate eye-hand co-ordination. The patient should
be tilted into about 15' head up position. This allows
the transverse colon to fall away f¡om the pylorus under
gravrty.

A direct viewing (0') 4 mm telescope is inserted
through an umbilical Hasson cannula using the tech-
nique already described. Under direct video-endoscopy,
one 4 mm secondary port is inserted in the line of the
nipple just below the costal margin.on the left side. A
second much smaller abdominal punctue is made on
the right side to introduce the duodenal grabber. It is not
necessary to insert an additional instrument port on the
right because there is no interchange of instruments
necessary on this side. Care must be taken not to dam-
age the underlying liver when inserting the ports or
interchanging instruments.

Two atraumatic graspers a¡e inserted and the stomach
and olive readily identified. It may be necessary to lift
the falciform ligament with the right sided grasper to
visualize the pylorus. The first part of the duodenum
is stabilized just distal to the vein of Mayo by this
instrument and is retracted inferiorly downwa¡ds and
laterally, away from the overhanging neonatal liver,

ù

I(

Nurse

Surgeon

Fig. S3.4 Lap pyloromyotomy layout.

Coaslal
margrn

Port postlons

Fig. 83.5 Port position for laparoscopic Ramstedt,s.

Assistant

97



832 Paed i atri c I apa roscop i c su rgery

Fig. 83.6
stabilized
endotome.

, Laparoscopic pyloromyotomy:. (A) rypical endoscopic view of pyloric tumour. Note: duodenunrby atraumatic grasper and antrai lin it of olivebeing ,palpated,. 
tgl Making deep incision in olive with ,Tan,

(C) Spreading tumour. (D) Checking for mucosal pärioration.

otherwise it wiil be difficult to perform the pyloromy_
otomy. This also serves to stabilize the pylorus.

The Tan endotome is then passed tfrår,gt 
-tn" 

f 

"n_upper quadrant port, and a sero-musculãr incision
made, beginning at the duodenal end, cutting towards
the antrum. This incision should be deep into"the olive
otherwise difficulty will be encountered with the
spreader. There is no need to extend the incision beyond
the olive.

The endotome is exchangecl fbr the Tan pyloric
spreader which should be thrust thr.ough the seromus_
cular incision until sligrrt resistance of tñe i.tact 

'lLlcosais felt. The tumour is then spreacl by openinj its jaws.

The.mucosa is inspected at this point in time. On com-
pletion of spreading, 30-50 ml óf air is.insufflared inro
the stomach by the anaesthetist, causing the mucosa to
bulge, when it should be reinspected tã exclude inad-
vertent perforation. It is not necessary to divide the last
few fibles at the duodenal end, as this is the potential
site for perforation.

The abdomen is then deflated, and steristrips are used
to close the instrtrment ports except for the unlbilic¿rl
incision which is closed by tightening the pulsc
stnng.

Although this is a technically easy laparoscopic ¡rnr-
cedure to pertitlrn taking less than l5 ntin to conrpletc'
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Minimally invasive paediatric
urolo

attention to detail is required io achieve low morbidity.
Vy'e have now performed 70 laparoscopic pyloromyoto_
my using this technique without a single òáse of rãcur_
l'ence or mucosal perforation.

URINARY CALCULI

LA PA RO SCO P I C N E P H R ECTO MY/PA RT I A L
NEPHRECTOMY

It is now being reportecl that retropel.itoneal
nephrectornies are being performed but the author con_

ADHESIOLYSIS

W.e. have now managed 27 patients laparoscopically
with suspected or esrablished ìmall bowäl obstruction,
with the need to convert to laparotomy in only one
child. Diagnostic laparoscopy iì an extremely useful
tool in patients presenting with sever.e .""u...ni abclom_
inal pains after open sLll.gery, as it is possible to either
exclude adhesion obstruction with certainty, or else cleal
with the adhesions entirely laparoscopicalíy.

Acute and sub-acute small bowel obstruciion can also
be mana_ged laparoscopically provictecl the abdornen is
not too distended.
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Part Three

Developments in Paediatric

Minimally lnvasive UrologY



lntroduction to Part three

The last section of the thesis concentrates on paediatric urology and finishes off with

course material from laparoscopic workshops conducted by myself'

The first part of this section deals with the uretero-pelvic junction as this remains the

main focus of my clinical interest'

Experience with endopyelotomy suggested that the gold standard for the

management of uretero-pelvic junction in children remains dismembered pyeloplasty'

Even though endopyelotomy continues to be an attractive alternative to open surgery

in the adult population, the main problem with this technique is the need for the

patient to wear an externalised nephrostomy stent for six weeks, something which is

not well tolerated in cl"rildren. The results were also not as good as open pyeloplasty'

By now, there were increasing reports of successful balloon angioplasty for coronary

vessel disease, and the development of very small high pressure balloon dilators

afforded a chance to evaluate if the same success could be achieved in the urinary

tract as with coronary vessels.

We embarked on a novel idea to evaluate the possibility of dilating ureteric stricture'

This culminated in the development the technique for retrograde balloon dilatation of

uretero-pelvic junction obstructions in children, and publication of our initial results in

Urology.

However, it was clear that the results of this tecl'rnique are not as good as that

achievable by dismembered pyeloplasty, and this remains the gold standard'

This section then discussed the failed laboratory attempts to produce a

hydronephrotic kidney, and also discr¡sses how the laparoscopic technique for

dismembered pyeloplasty evolved in the laboratory nonetheless. This resulted in the

evolution of a successful technique for laparoscopic dismembered pyeloplasty, and

the publication of the first reported series of laparoscopic dismembered pyeloplasty

in children.



The technique has remained essentially unchanged since it was originally described

except that we are abre to use finer suture materiar with better raparoscopic needle

drivers becoming available.

we have been able to produce a reasonably large series of laparoscopic Anderson-

Hynes dismembered pyeloplasty which was presented at the America Academy of

Paediatrics meeting in san Francisco in 1998, and which is in print in the Journal of

Urology

There is included a collection of other papers on endoscopic urology which have also

been published.

concluding remarks are made regarding future developments and progress in

paediatric endosurgery, and examines the training requirements for paediatric

laparoscopic surgery. lt addresses some of the problems peculiar to paediatrics' and

also includes course materialfrom various workshops I have conduded.

Relevant concluding remarks about the possibility of treating the majority of uretero-

pelvic junction obstruction by non open methods are also made'



The Uretero-Pelvic Junction revisited

As a paediatric urologist at the Royal Children's Hospital in Melbourne, it is not

surprising that the focus of my work should be uretero-pelvic junction obstruction, this

being the commonest obstructive uropathy in childhood'

\Â/hile conventional open Anderson-Hynes dismembered pyeloplasty offers very good

results in relieving the obstruction, this is nonetheless a major operation often leaving

a large unsightly upper abdominal scar. Being an upper abdominal incision, it is also

accompanied by significant post operative pain and disability and lastly, the open

operation is not without its morbidity as well.

The results of endopyelotomy in children first reported by us is good as that achieved

in the adult series, but unfortunately is still inferior to the results adrievable by

conventional open operation. The need to leave an external nephrostomy stent for

six weeks is an added disadvantage, as external nephrostomies are not well tolerated

in children. Hence this lead me to consider other alternatives.

At the annual scientific meeting of the society for Minimally lnvasive Therapy in 1991,

I came across a percutaneous retrograde balloon dilator for balloon angioplasties

which only measured 5 French at the Boston Scientific Corporation exhibition booth.

On returning to Australia, I contacted the local agents N Stenning and company, and

was able to obtain a supply of these catheters for clinical evaluation to see if uretero-

pelvic junction obstructions could be dilated in a retrograde manner.

We were initially supplied with 5 French balloons, but were later supplied with a stock

of 3.8 French balloons with a burst pressure of I atmospheres.

lnformed consent was obtained from all patients on whom we were evaluating this

new treatment. This technique involved performing a cystoscopy and a retrograde

pyelogram and then passing a balloon dilator to straddle the uretero-pelvic junction to

forcibly dilate it under image intensifier control. A double J stent for six weeks was

then inserted and left in situ for six week to stent the dilated uretero-pelvic junction.



We reported success with this technique. However, although this is very minimally

invasive, requiring only day surgical admission, the results are still inferior to

conventional open pyeloplasty, the overall success rate for retrograde dilatation is

only TOo/o. Hence, the Anderson-Hynes dismembered pyeloplasty remains the gold

standard.

ln spite of this, retrograde batloon dilatation of Uretero-pelvic junction obstruction is a

technique which should be evaluated again, as most of the failures have been related

to technical problems such as insufficlent pressure generated by the balloons,

problems which may be resolved with improved technology.

We are now working with manufacturers to produce a balloon catheter with a burst

pressure ol 22 atmospheres as opposed to the eighth atmosphere burst pressure in

our initial series, and we will begin evaluating this in the new millennium.



PEDIATRIC UROTOGY

RETROGRADE BALLOON DIIAIION OF URETEROPELVIC
OBSTRUCTIONS IN INFANTS AND CHILDREN: EARLY RESULTS

HOCK L. TAN, ER.A.C.S.,JULIAN p ROBERTS, ER.C:S. (peeo),
e¡Io D. GRATTAN-SMITH, FR.A.C.R.

ABSTRACT-Objectives. Although balloon dllation is a successful and widely accepted minimally invasive
method of treating vascular, esophageal, and colonic strictures, it has not been reported in the management
of ureteropelvic junction (UPJ) obstruction in infants. We investigatedr[he role of retrograde balloon dilation
as the primary treatment of UPJ obstruction in infants, and we report the technique and early results.

Methods. Prospective study of infants and young children undergoing retrograde balloon dilation of primary
UPJ obstruction using a 3.8 F, B atmosphere radial balloon dilator.

Results. Ten iniants and children with a median age of 1 6 months (range, 3 months to 9 years 6 monthsl
unden¡rent retrograde balloon dilation for proven UPJ obstruction with successful outcome in 7 palients fol-
lowing one dilation.

Conclusions. The minimally invasive nature of this technique and our encouraging early results lead us to
conclude that th¡s technique warrants further clinical evaluation. URoLoGy" 46: 89-91, 1995.

Th" accepted management of urereropelvic
I junction (UPJ) obstruction has been open

dismembered pyeloplasty. Although endopyelor-
omy has been reported to be successful in
adultsl'¿ and children,s there have been few re-
ports ol is use in infants. Both antegrade and
retrograde balloon dilation have been success-
[ully'used in adults with ureteric stricturesa'5
and primary UPJ obstruction.ó Successful retro-
grade dilation of primary UPJ obstrucrion has
recently been described in a small group oI chil-
dren.7 Despite these other options, open pyelo-
plasty is still the mainstay of treatment for UPJ
obstruction in this age group. To help assess the
place o[ balloon dilation of UPJ obstrucrion in
infants and children, we report our technique
and results in the first I0 patients treared ar our
instirution.

MATERIAL AND METHODS
Between June 1992 and March 1994, l0 infana and chii-

dren presented with UPJ obsrruction suggested anrenarally
or posrnatally by renal ultrasound. The diagnosis of ob-
struction was documenred in ail patients by Lasix renogra-
phy and additionally by the Whitaker resr in 6 children
(Table l). Median age at dilation was 16 monrhs (range,3
monrhs ro 9 years 6 months). lnformed consenl was ob-
tained lrom the parenrs to perform a retrograde balloon di-
la¡ion ol the UPJ.
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TECHNIQUE
A cystoscopy is performed, and a 0.032-inch

Teflon-coated straighr guide wire is introduced
under image intensifier and passed inro the pelvis'
lo the kidney. The cysroscope is rhen withdrawn,
and a i F ureteral dilator is inrroduced over the
guicle wire to dilate the ureterovesical junction.
The dilator is exchanged for a 5 F purpose built
catheter and a retrograde urogram is performed to
outline the upper tracrs.

The 0.032-inch guide wire is rhen exchanged for
a 0.018-inch wire that is passed into the pelvis of
the kidney. The 5 F catheter is removed and ex-
changed for a 3.8 E 8 atmosphere Meditech
(Boston Scientific Corp, Watertown, Mass) radial
balloon dilator (Fig. l). Under rhe image intensi-
fier, the balloon is maneuvered to srraddle the UPJ,
which is dilated unril rhe hourglass consrricdon is
lost, or for a duration of 3 minures (Fig. 2). The
UPJ is then stented with a 4.8 F internal double
pigtail catheter for 6 weeks. Perioperative and post-
operative antibiodcs are administered to all pa-
tients. Patiens are discharged within 24 hours of
the dilation, and the double pigtail srenr is re-
moved at 6 weeks as a day procedure.

Success oi the procedures was assessed 3 to 6
months postoperarively by Lasix renography.

RESULIS
There were no operative complications from the

dilations. Seven children were [reated successfully,
with á median follow-up period of 22 months
(range, 4 to 25).ln 6 there was no evidence of ob-
struction cluring l-asrx renography perlormed at 3
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TABLE l. Patient details, preoperative and postoperative investigations
ó

Patient
Age at Operation

(monthsì
Presentation

Side Antenatal UTI
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Whitaker
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FIGURE L A 5.8 F Meditech miniballoon d¡lator
(Boston Scientific Corp, Wotertown, Mass).

to 6 monrhs postoperativel,v. ln the $venth patient,
signilicant improverient in clrainage [ime lvas
recorded, r,vith the Lasj.x washout halltime decreas-
ing from 90 ro 2.8 minures (Table l).

Two cl-rildren remained obstructed alter dilation
and undenvent open pyelopl.ast;r 4 and ó Lnonths
after dilation, without complications. in these pa-
tiens the balloon dilation had not been considered
technically successlul due to inabiliry to dilate the
stricture completelv in one and balloon disruption
in the orher. One patient (patient 9) had an open
pyeloplasty because oI stent tniqration into the re-
naI pelvis, before postopera[i.ve diethvlenc[riatnine

penuacetic acid (DTPA) drainage was established.

The overall success rate o[ retrograde balloon dila-

tion in our scrics is, thcrclorc,70o/o.

COMMENT

The management of UPJ obstruction in infants
remains controversial, some authors advocating
early relief o[ obstruction, others preferring ob-
servation to see if the pathologic condition re-

solves. Although we agree that most antenatally
diagnosed hydronephrosis can be watched, there
remains a small group of patients requiring treat-

ment. ln these infants, lhe trea[ment. has always
been open dismembered pyeloplast¡ which is

not without significant complications.s A mini-
mally invasive method of relieving the obstruc-
tion would, therefore, be an attractive option.
DoraiswamyT described balloon dilation of post-
pyeloplasty strictures and congenirai UPJ ob-

struction in children using Fogarty catheters.
However, limitations of this type of catheter, de-

signed for arterial dilation, dictated that the min-
imum age of a child undergoing balloon dilation
in his series was 4 years. Technologic advances,

such as the commercial introduction o[ 3.8 F

balloon dilators, have facilitated balloon dila-
tion in younger Patients. Although the newborn
ureterovesical junction will usually only accom-

modate a 3 F catheter, it does nonetheless dilate

to 5 F with relative ease to allow the passage o[
larger catheters. The cu¡ren! range of minibal-
loon dilators, there[ore, allows passage oI a

cathe[er across the UPJ to treat primary stric-
tures even in infants.

Our technique aiso dilfers from that o[ Do-

raiswamyT by routinely utilizing double pigrail
catherers postoperatively. We beiieve that these

are important in Preventing acute obstruction due

to edema at the site of dilation in such small
ureters. This complication was noted in I of 6
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FIGURE 2. Radiograph of retrograde balloon ditation of ureteropelvic junction (IJPJ) obstruction. Note the de'
pendent tÌght strÌcture tgpical of UPJ obstruction found in these pot¡ents.

children with primary UPJ obstruction treated by
Doraiswamy. Such stents also permit early dis-
charge from the hospital.

We have not considered redilating strictures that
show no improvement after the primary treatment
and have proceeded with open pyeloplasty. Do-
raiswamy,T however, repeated dilations up to six
limes. We remain reluctant to dilate a striclure re-

peatedly because of the likelihood o[ recurrent
[ailure or ureteric damage; but if recur¡ent ob-
struction occurs, repeated dilation appears to be a
sale option. It is aiso important to note that un-
successlul attempts at dilation did not prejudice
later open pyeloplasty in our 3 cases.

We have found the pathologic [eatures to be the

same in ail cases trealed: a large extrarenal pelvis
wi¡h a dependent ureter and a very tight hourglass-
like stricture that requires up to 12 atmospheres of
pressure to dilate (Fig. 1). This appearance was
confirmed in the 3 cases that later underwent open
pyeloplasry. Unlike ìvtcClinton st al.ó in adults, it
lras not been necess^ry Ío disrupt the UPJ com-
plerely in infants lor success. This may be because
the obstruction has a different etiology to lhat seen
in adult patients. Complete disappearance of waist-
ing is not necessary lor a successful outcome, but

in both cases where the dilation was nol consid-
ered optimal, there was recurrence oI obstruction
despite stenting ior 6 weeks.

Acrtowueocvte¡¡r. To the Boston Scientilic Corp and

N. Stenning [or providing material assistance [or this project.
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Dismem bered Pyeloplasty

Having reported our experience with endopyelotomy and retrograde radial balloon

dilatation in children, wê concluded that open dismembered pyeloplasty remains the

gold standard. As long as the results of either endopyelotomy or radial balloon

dilatation are inferior to conventional open surgery, these would not be attractive

altematives to the management of UPJ obstruction in children.

It appears therefore that the best option is still dismembered pyeloplasty. However,

reports of laparoscopic dismembered pyeloplasty are very few and far between.

Furthermore, all reports in the literature are discouraging, some authors suggesting

that this is an extremely difficult operation, taking 600 minutes to perform, far too long

to ever become accepted as an altemative to open surgery'

By the time of these first reports, I had performed laparoscopic nephrec{omies in

piglets as well as in about 20 young children, and felt the time was right to evaluate

the possibility of performing a dismembered pyeloplasty laparoscopically'

I retumed to the animal lab in an attempt to create a partial Uretero - Pelvic junction

obstruction in dog so that that I can return to perform a laparoscopic dismembered

pyeloplasty later. By doing so, I hoped to develop an alternative technique, as it

appeared that the published methods were tedious and difficult.
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This proved to be impossible. Crushing the Uretero-Pelvic junction with haemostats,

burning it with bi-polar or monopolar diathermy did not cause any stenoses to

develop, the ureter being completely normal six weeks after delivering all kinds of

insult to it.

The only successful animal model of a partial uretero-pelvic junction obstruction

described is to bury the ureter in the psoas muscle. Clearly this technique is

unsuitable for performing a laparoscopic pyeloplasty at some later stage because the

ureter would be embedded within the muscle'

lnstead of creating a partial obstruction, I decided to practice uretero-ureteric

anastomoses in piglets. lt is not possible to perform a uretero-pelvic re-anastomosis,

as the renal pelvis in a piglet is completely intra-renal.

Even though I had developed sufficient skills to confidently perform intra-corporeal

suturing, I learnt that trying to re-anastomose the ends of a small ureter with 5/0 or

6/0 monofilament suture material was diabolically difficult because of mobility of the

ends that need to be brought together. I felt that it was necessary to stabilise the

ends in the same way that vascular surgeons stabilise vessels when performing

micro-anastomosis.
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ln devising various ways of stabilising the anastomosis, we found that the most

effective was to pass a trans-abdominal suture to transfix one end. This'hitch stitch"

became the cornerstone of the technique we subsequently developed for

laparoscopic dismembered pyeloplasty.

Again the ergonomics of the operation and conect placement of instrument trocar

positions were worked out in the laboratory setting before the operation was

attempted clinically.

The first dismembered pyeloplasty was attempted in a 20 year old patient who had

undergone two previous failed open pyeloplasty and was left with significant residual

obstruction.

This attempt ended in dismal failure as the UPJ was completely embedded in tough

fibrous tissue, and considerable difficulties were encountered in mobilising the

uretero-pelvic junction. Even on conversion to open pyeloplasty, the uretero-pelvic

junction was completely stuck to the retroperitoneum making for an exceedingly

difficult open operation.

The second attempt was successful. This was on a patient who had a failed

endopyelotomy. The parents were keen for me to attempt a laparoscopic procedure,

lnstead of performing a classical Anderson-Hynes dismembered pyeloplasty

however, I decided to perform a Y-V Foley type plasty, as I had concerns that I would

not be able to re-anastomose the ureter to the pelvis!
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Spurred by the success of this which took 150 minutes, I then attempted two more

y-V plasties before I had sufficient courage to perform a proper Anderson-Hynes

dismembered pyeloPlastY.

This has resulted in two papers on laparoscopic dismembered pyeloplasty, the first

reporting our initial experience, which included the Y-V plasties. The second paper

reports on the results of laparoscopic dismembered Anderson-Hynes pyeloplasty

proper.

To date there are only two other reports of laparoscopic dismembered pyeloplasty in

children, the first being a case report by Dr.Craig Peters at the Boston Children's

hospital.

The second again, is a case report of two cases by Professor Felix Schier from Jena

Germany. Felix was my invited faculty and watched me perform a laparoscopic

pyeloplasty at an international paediatric laparoscopic workshop in Malaysia ln 1995.

Our series of eighteen Anderson-Hynes dismembered pyeloplasty remains the

largest published series in children to date. We have also reported the youngest

patients (two three month old infants) undergoing laparoscopic pyeloplasty.

It is clear that an appreciation of correct ergonomics and the employment of the hitch

stitch has reduced our operating time considerably, the average operating time being

90 minutes in our series.
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Thus, we have been able to demonstrate that laparoscopic pyeloplasty can be

performed in the same time as conventional open surgery. Furthermore, the results

to date are superior to endopyelotomy or retrograde balloon dilatation, and is now

approaclring that of conventional open surgery.

There have also been vast improvements in the laparoscopic instrumentation

available. The Szabo-Berci needle driver was employed in the first few cases, and

even though we were able to suture using 5/0 PDS, these instruments are not

designed for 5/0 or even finer suture material. The availability of the 3mm *Kohu

needle driver in the past 18 months or so (l was fortunate to have one of the first

pairs available for evaluation) has made a significant difference to the ease of

suturing, as it is now possible to use 6/0 PDS to perform an accurate uretero-pelvic

anastomosis.

It is probable that the technique of laparoscopic Anderson-Hynes dismembered

pyeloplasty as developed by myself, will find increasing acceptance because it can

now be performed in good time and with good results. Unquestionably, it remains a

difficult operation to learn, with a steep learning curve'

However, the fact that professor Felix Schier has performed two cases taking only

relatively short times implies that the technique can be leamt by a competent

laparoscopic surgeon adept at endosuturing.
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At this point in time however, it does not appear to be suitable for very small infants

as the only two failures in our series has been in three month old infants. Two

patients in our series operated on at six months of age had satisfactory outcomes.

We therefore currently recommend that the operation should not be performed in a

child less than six months old, hence, we are continuing to evaluate the possibility of

using smaller and higher pressure retrograde balloons as the method of treating

neonatal uretero-pelvic junction obstruction.

My current believe is that it is possible to manage almost all cases of uretero-pelvic

junction obstruction in children without recourse to open surgery.

My current recommendation is to attempt a retrograde balloon dilatation in newborns

and infants less than six months old, and to leave them wlth a double J stent for six

months. The renal function should then be re-evaluated after removal of the stent

and if the obstruction persists, then one should to laparoscopic dismembered

pyeloplasty.

These recommendations form the basis of an invited paper being prepared for

Dialogues in Pediatric Urology'', but which is not included in this thesis, as the paper

is not yet complete.
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Laparoscopic dismembered pyeloplasty in children:
preliminary results
H.L. TAN and f .P. ROBERTS*
Gleneagles Hospital, Singapore and*Urology Unit, Genøral SurgicdDepartment, Rogal ChiJdren's Hospitnl, Melbourne, Australia

Objectives Tc investigate the technique of laparoscopic

pyeloplasty in child¡en with pelviureteric junction
(PIf) obslruction.

Patients and methods Six chiÌdren, aged bebween 2.5

and 1 5 years, were treated by laparoscopic pyeloplasfy

in a prospective sbudy. The outcome was assessed by
post-operative isotopic renography. Four of the chil-
d¡en underwent a Y/V plasty ofthe PUJ structure and
one a Hynes-Anderson dismembered pyeloplasty.

Results One case (the first in this series) was converted

to open pyeloplasty due io adhesions around the
PIIJ from previous stugery. One patient developed an

abdomi¡ral haematoma at the troca¡ site, which
resolved without treatment. AII anastomoses were
completed without complication. Five of the children
had normal or signiflcantly irnproved draiaage times
on post-operative renography. ln one patient, the
drainage time deteriorated post-operativeÌy, although
di-fferential function of the operated kidney improved,

Conclusions These early resuits suggest that laparo-
scopic pyeloplasty in chjldren is feasible, safe a¡d
effective; a longer term follow-up is awaited.

Keywords Pelvi-ureteric juaction obsfuction, laparo-
scopic pyeloplasfy

Introduction

Pelvi-u¡eteric junction (PIIJ) obstruction is one of
the commonest obstrucbive uropathies in child¡en.
Conventional open dismembered pyelopasty remains the
'gold standard' but there has been increasing acceptânce
ef minimally invasive surgical alternatives, such as bal-
loon retrograde dilatation and endopyeiotomy [1,2].
Although encouraging results in the short term have
been reported for both these techniques, none equal
those from open pyelopasty. Laparoscopic pyeloplasty

has been used in adults [3-5] and recentþ in a child

[6]. We present ou¡ inibial experience with the technique
of ìaparoscopic pyeloplasty in a small group of children.

Patients and methods

Bebween October 1993 and December 1994, six child¡en
(median age 8,5 yea.rs, range 2.5-15) with PUJ obstruc-
tion were treated by laparoscopic pyelopiasby at the
Royal ChiJdren's Hospital, Melbourne, Australia. All
underwent pre-operative isotopic renography (using
DTPA) and ulfrasonography to conffrm the diagnosis,
and two palients also underwent Whitaker's test. Details
of the patients and the results of the investigations are
summa¡ized in Table l. One patient (no. 1) had pre-
viously undergone an unsuccessful balloon dilatation,

Accepted for publication 6 Febmary 1996
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complicated by urinary extravasation. Another patient
(no. 2) had a failed endopyeiotomy. The others presented

for primary freatment.

Lap ar o s c o pic te chnique

The patient is positioned laterally, as close to the edge

of the operating table as possible (Fie.l) and with the
tÀeatre floor plan as shown in Fig. 2, Only one video
monitor is used for the operation, as positioning the
surgeon and assistant on the same side facilitates eye-
ha¡d co-ordination.

A pre-operative enema is administered to empby the
patient's coion, An intraperitoneal technique is ttren
used; with the patient in the lateral position, a 10 mm
Hasson cannula is i¡troduced by open laparoscopy and
a pneumoperitoneum created to a pressure of 12 mmHg.
Two 6 mm instrument ca¡rnulae are inhoduced under
direct internal vision, one in the ipsilateral upper quad-

rant avoiding the falciform ligament and the other
befween the umbilicus and symphysis pubis close to the
midline (Fig. 3). The position of these instrument hoca¡s
is critical to facilitate intracorporeal suturing of the
anastomosis, as placing the i¡strument trocars too lat-
erally will hamper the surgeon's ability to sutu¡e. A
lurther instrument port is required for a right pyeloplasty,
to retract the overhanging edge of the liver. The colon
is mobilized and allowed to fall away from the renal bed,

exposing Gerota's fascia, The key to this procedure is to

909
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Duratiott

Pø.tlent Age of surgerg

no. (years) Sid¿ (min)

Isotope

renography

halJ-tlme (min)

Beþre Atter 'Outcome Comments

Table I Cha¡acteristics of patients

undergoing laparoscopic pyeloplasty

1 ls L 120 L9

L22

20

45
23

60

L

R

L

L

9 Converted Previous failed
balloon dilatation
Extensive fibrosis

around PIf
Previous failed
endopyelotomy
Abilominal wall
haematoma

Improved diff
function
Hynes-Anderson

9

9

8

2

3

4
5

6

8L 150

160

90
93

90

46

10

5

100

9

Completed

Completed

Completed

Completed

Completed25,

Fig, l. The position of the patient on the operating table.

completely divicle the fold of peritoneum attaching the

colon to the lateral abdominal wall (Fig.4a).

An incision is then made in Gerota's fascia (Fig.4b),

exposing the entire hidney (Fig, 4c), The dilated pelvis is

identified and traced medially to the PUJ. Care must be

talçen when dissecting the pelvis to avoid inadvertent
damage to the gonadal vessels which cross directly in
front of the PUJ.

Once the proximal ureter and renal pelvis are mobilized
(Fig, 4d), the pelvis is stabilized using a single transab-

dominal'hitch-stitch' (Fig, 5a),'accomplished by passing

a 4/0 monofilament nylon on a straight needle through
the full thiclcness of the abdominal wall, transfixing the
renal pelvis, and passing the suture through the abdomi-
nal wall at its entry point, using an endoscopic needle-

driver, The hitch-stitch is then hetd by a haemostat at

OR Nurse

Suroeon Assistant
- surgeon

Fig.2, The theatre Iayout and personnel for laparoscopic

pyeloplasty.

6 mm instrument cannula

asson port

Flg. 3. The positlonlng of the ports in the patlent.
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LAPAROSCOPIC DISMEMBERED PYELOPTASTY IN CHILDREN 9II

Fig. 4. a, I(ey to Gerol"a's fasoia. b, Openiug

Gerota's fascia, c, Kidney exposed

completely. d, PU junction mobilized.

Fig, 5. a, 'Hitch stltch'in place.

b, Dismembering PUJ. c, Dividing proxlmal
ureter, d, Spatulating proximal ureter,

the level of the abdominal wall, after applying appro-
priate tension on the suture to stabilize the pelvis,

In four patients, a Iongitudinal incision was made
from the pelvis across the PUJ into normal ureter and
re-anastomosed transversely, eflectively creating a Y-V
plasty. The sixth patient in the series had a formal
dismembered Hynes-Anderson pyeloplasty, whereby the
PUJ was resected and the proximal ureter spatulated
(Fig. Sb,c,d),

The first stitch Ís inserted into the ureter at its most

dependent position (Fig..6a) and this is then re- anas-
tomosed to the most dependent part of the renal pelvis
(Fig. 6b). The anastomosis is performed with 5/0 con-
tinuous polydioxanone sutures, the posterior layer being
completed first (Fig. 6c).

A double pig-tail catheter is then inserted by introduc-
ing a transabdominal guidewire into the proximal ureter
through a Teflon needle, and passing it into the bladder.
The Teflon needle is withdrawn, leaving the guidewire
in place, and a 4.8F multilength pig-tailed catheter

@ T996 Brltìsh lournal of Urology 77, 9O9-9I3
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passed over the guidewire into the bladder. The guidewire

is withdrawn and the proximal pig-tail inserted into the
renal pelvis (Fig, 7a).

The anterior anastomosis is completed over the pig-

tailed stent with a second continuous 5/0 polydioxanone
suture (Fig. 7b). The hitch-stitch is then removed,

allowing the renal pelvis to fall baclç into its bed

(Fig. 7c,d). The abdomen is then desuflated. The umbili-
cal trocar is closed with an 0 polyglactin suture, while
the smaller instrument ports are simply re-approximated
with adhesive strips to the shin. No drains are used.

The patients werc discharged on the day after surgery

Fig. 6. a, First suture at apex of
ureterotomy, b, z\nastomosing ureter to
pelvis, c, Completed posterior layer.
d, Pigtail catheter in situ.

and remained on antibiotics until the stent was removed
as a day-surgical procedure after 6 weehs. All patients
were evaluated 6 months after the operation by isotopic
renography,

Results

The results are summarized in Table 1; the ffrst attempt
(patient no. 1) was converted to an open procedure

because extensive peri-ureteric fibrosis prevented adequate

mobilization of the PIf and it was this patient who had
undergone a previous and unsuccessful balloon dilatation

Fig. 7. a, Pig--tail catheter placed in
pelvis. b, Anterlor anastomosls complete.

c,d, Kidney and pelvis returned to renal bed.
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of the PII, Excluding this case, the median operative

time for laparoscopic pyeloplasty was 117min (range

90-160). While the first two cases took 150 and 160

min, respectively, all subsequent cases were completed

within 90 min. One patient required re-admission on the

third day after surgery because of a¡r abdominal wall

haematoma which settled with conservative measures'

Four of the six patients had normal drainage half-times

on post-operative renography, indicating a successful

outcome. A further patient had a signifrcant improvement

in the drainage half-time after surgery. One patient had

a deterioration in drainage, although the di-fferential renal

function of the operated kidney was improved from 28%

to 42%, and this patients is awaiting fu¡ther investigation'

Discussion

Laparoscopic pyeloplasty completes a range of minimally

invasive surgical options to treat PIIJ obstruction'

Balloon dilatation of the PU| and endopyelotomy have

both been used in children with promising results

reported, but not all patients are suitable for these

techniques and the success rate of these proceilures is

still inferior to conventional open pyeloplasty [1'2]'
Because it involves endoscopic suturing, pyeloplasty is

one of the most technically difficult of laparoscopic

procedures; however, the present series shows that with
adequate practice and experience, it is both feasible and

safe. The operative time ranged from 90 to 150 min'

which is considerably less than has been reported pre-

viously in adults [3-5] or children [6] and approaches

the time talcen for conventional open pyeloplasty,

The present technique evolved with practice; the orig-

inal option of performing a Y-V plasty was intended to

preserve the continuity of the ureter and pelvis to facilitate

endosuturing. Confdence with the first few cases, and the

use of the hitch-stitch, allowed the pelvis to be stabilized

sufficientþ to perform a formal dismembered pyelopasty'

One case of failed endopyelotomy was treated successfully

by laparoscopic pyeloplasty with no extra difrcuþ. Only

one case (the first) was converted to a conventional open

procedure because there were extensive peri-ureteric

adhesions following a previous ureteric rupture. A few

cases may not be amenable to a ìaparoscopic approach

due to such problems, but these should become even

fewer as experience is gained with the technique.

LAPAROSCOPIC DISMEMBERED PYELOPLASTY IN CHILDREN 9I3

Laparoscopic pyeloplasty has the theoretical disadvan-

tage of converting an extra-peritoneal procedure to intra-
peritoneal, with the risk of intra-peritoneal adhesions.

However, the senior author has encountered severe

abdominal adhesions at laparoscopy in patients who

have undergone previous extra-peritoneal renal oper-

ations, and thus we question this reasoning [7].
Furthermore, the extremely low incidence of intra-
abdominal adhesions after laparoscopic surgery, com-

bined with the advantages of the minimally invasive

approach to PIIJ obstruction, justifies an intra-peritoneal

approach. Laparoscopic dismembered pyeloplasty is a
promising alternative to conventional open pyeloplasty.

Nevertheless, it remains a technically difficult endos-

copic exercise and, because their limited size hinders

suturing, is currentþ unsuitable for very small infants,

Our early results are sufficiently encouraging to persist

with the evaluation of this technique'
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Abstract
Obiective: To evaluate the feasibility of, and report on the results of

laparoscopic Anderson-Hynes dismembered pyeloplasty in children'

patients and Methods: A retrospective review of all laparoscopic Anderson-

Hynes pyeloplasties performed by the author is presented. Eighteen (18) children

with proven uretero-pelvic junction obstruction (UPJO) undenruent laparoscopic

Anderson-Hynes dismembered pyeloplasty between August 1994 and June 1998'

Fifteen pyeloplasties (15/18) were performed on children without previous upper

tract surgery. Three patients (3/18) had previous upper tract surgery, two having

had previous laparoscopic pyeloplasties. The third patient underwent emergency

percutaneous nephrostomy drainage of a pyonephrosis six weeks earlier' All

operations were performed via a transperitoneal route. The age ranged from 3

months to fifteen years (Mean = 17 months).

Results post operative evaluation are completed in sixteen patients, with two

pending. Fourteen of sixteen (14t16), or 87o/o have no demonstrable evidence of

obstruction. Two (2/16) patients had persistent obstruction and had to undergo a

second laparoscopic pyeloplasty. These two re-operations are part of the total of

eighteen.

There was no conversion to open surgery. The mean operating time was 89 minutes.

One patient developed a trocar haematoma which resolved with bed rest. ln

another, the stent was misplaced, its distal end reaching the lower ureter. This

was removed via ureteroscopy six weeks after operation. There were no other

operation related morbiditY.

conclusion: Laparoscopic Hynes-Anderson Pyeloplasty offers an attractive

alternative to conventional open pyeloplasty. lt is technically challenging but with

practice, can be completed in the same time as conventional open pyeloplasty. lt

offers results approaching that of conventional dismembered pyeloplasties.

Keynrords

Laparoscopy, dismembered pyeloplasty, Anderson-Hynes, children
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lntroduction
Although endopyelotomyl (pyelolysis) and retrograde dilatation2,3 ¡s offered as

alternative methods of management of UPJO in children, the success with these two

procedures is inferior to that reported for conventional dismembered pyeloplasty.

Hence, Anderson,Hynes pyeloplasty remains the "gold standard" , and the preferred

method of management of UPJO in children4. Laparoscopic Anderson-Hynes

pyeloplasties however are rarely performed there being only two other rep_orts of

laparoscopic Anderson-Hynes dismembered pyeloplasty in children to date 
5'6 since

its description by Kavoussi and Peters 
7.

This paper investigates the feasibility of, and reports on the results of laparoscopic

Anderson-Hynes dismembered pyeloplasty in children'

Between August 1994 and June 1998, eighteen (18) children presenting with proven

uretero-pelvic junction obstruction (UPJO) underwent laparoscopic dismembered

pyetoplasty regardless of age. There were fifteen (15) primary procedures. Three

(3) patients had undergone previous surgical intervention to the upper tracts (two

failed dismembered pyeloplasties, one percutaneous nephrostomy for

pyonephrosis). The age range was 3 months to fifteen years of age (Mean age at

operation = 17 months).

All children were pre-operatively investigated with isotopic renography (MAG3 or

DTPA) ultrasound, and intravenous urography (lVU). Pre-operative IVU was

performed in all patients for anatomical studies and also because many patients

were referred from surrounding regional centers often lacking in isotope renogram

facilities. Follow up studies were performed where possible with isotope

renography, but in those patients from remote areas, IVU studies were performed

instead by the local referring physician and sent to the author for post operative

evaluation.

Laparoscopic technique

The laparoscopic technique has previously been described by the authors and has

changed lit¡e since the original description except that the anastomoses were all

completed in the last eight (8) patients with 6/0 polydioxanone suture due to the

availability of laparoscopic micro-instruments. The procedure is now performed

using a 7mm umbilical Hasson trocar, and two 6mm instrument trocars. The fourth

trocar, previously reported as being necessary to retract the liver for right sided

operations, is no longer used.
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Gerota's fascia is opened with very limited mobilization, and the uretero-pelvic

junction (UpJ) identified by tracing the dilated renal pelvis medially until the gonadal

vessels are seen crossing the Pelvis. The UPJ, intimately related to the gonadal

vessels, can be identified by lifting the renal pelvis up towards the anterior

abdominal wall (fig 1). We have not found it necessary to insert a ureteric catheter

as a pre-operative measure to identify the UPJ. The Pelvis is then stabilized with a

"hitch stitch" by passing a straight suture through the anterior abdominal wall,

suturing the pelvis and passing the suture through the same entry point on the

abdominal wall (fig 2). External traction on the suture will then stabilize the pelvis

sufficiently to perform the anastomosis.

The pelvis is dismembered together with the proximal ureter (Fig 3a). This ureter is

then spatulated along its lateral margin (F¡g 3b) using the renal pelvis to conectly

orientate the ureter. The UPJ is then sacrificed after spatulating a sufficient length

of ureter to perform a wide anastomosis to the renal pelvis.

Anastomosis is begun by the accurate placement of a suture at the apex of the

spatulated ureter, taking care not to create a mucosal flap. This is sutured to the

most dependent part of the pyelotomy and the two dismembered ends are re-

approximated with an intra-corporeal knot (fig 4). No attempt is made to reduce the

size of the Pelvis.

The posterior anastomosis is then completed with a continuous suture (fig 5), the

suture being locked at the apex. A trans-anastomotic stent is placed by inserting a

long 19Fr Teflon catheter through the anterior abdominal wall, and steering it into

proximal ureter. A straight guide wire is then passed through this into the bladder '

The Teflon catheter is then withdrawn, and a 3.8Fr or SFr variable length double pig-

tailed catheter is passed over this guide wire in an antegrade fashion into the

bladder. The proximal end is placed in the renal pelvis (fig 6). The anastomosis is

then completed by closing the pyelotomy and anterior layer (fig 7) with a second

continuous suture.

The hitch stitch is then removed, the UPJ allowed to drop back into its renal bed,

and the proximal ureter and pelvis inspected to ensure that it is not kinked, before

desufflating the abdominal cavity.
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Unlike others who have reported average operating times of ranging from 120 to 530

minutesS,9 we have been able to complete the entire operation within an average

time of 90 minutes (range 70-160mins), and this is by manual intracorporeal suturing

of all anastomoses.

This reduction in operating time has been gained through a process of refinement,

by recording each operation in its entirety and critically reviewing each video to

improve on the ergonomics of this procedure'

Laparoscopic intracorporeal micro suturing is technically challenging, and is perhaps

one of the most daunting tasks facing even a skilled laparoscopic surgeon.

However, several steps have been adopted by the author in this operation which

have enhanced the ease of endoscopic suturing.

An important key to fine intracorporeal endoscopic suturing is to provide stability

along the anastomotic line. The "Hitch stitch" as previously described, provides this

stability, and greatly facilitates suturing. We do not however, recommend using a

second hitch stitch on the ureter, as this only serves to distract the anastomosis, and

makes it difficult to oppose the ureter to Pelvis. lt is also important to leave a long

length of suture on the outside of the abdominal wall, so that the tension on the

anastomosis can be relaxed if necessary.

Unlike other authors who have reported the pre-operative placement of balloon

cathetersg or stents1O, *" have not found this to be particularly useful, as these

only hinders the ability to suture the anastomosis. We have not used the automatic

laparoscopic suturing machine, as the suture material is not sufficiently fine for

pediatric use. Concern must also be expressed at the use of course suture material

as calculi have been reported as a post operative complication following the use of

4/0 suture material 10,11. lt has not been necessary to use fibrin glue12 or other

methods of tissue approximation as advocated by others, as we have been able to

perform an adequate anastomosis in all our cases.

We have not used a perinephric external drain in any patient, as all our

anastomoses are stented with an internal pig-tailed catheter, preventing anastomotic

leakagel3. We also have reason to believe that a wound drain would not be

effective, as the urine would merely leak into the peritoneal cavity.
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Results

There was no conversion to open operation and all operations were completed

laparoscopically. One patient developed a trocar haematoma requiring 4 days of

bed rest to resolve. With the exception of this patient, all were discharged on the

second post operative day. One patient had a misplaced stent, the distal end lying

in the distal ureter. This stent was removed at six weeks via a ureteroscope. There

were no other technically related complications in our series. Blood loss was

negligible in all patients.

All stents were removed after 6-8 weeks, and post operative DTPA, MAG3 or IVU

were performed at six months or earlier if indicated. Two patients undenvent

pyeloplasties when they were three months old, and these are the patients that

account for the failures in our series. ln both instances, the respective kidneys

became palpable after removal of the double pig tailed catheter, and they developed

clinical signs of acute obstruction with vomiting. Complete obstruction was

demonstrated in both instances.

The first patient underwent a repeat laparoscopic dismembered pyeloplasty on the

immediate diagnosis of persistent obstruction. He has undergone post operative

investigations which has demonstrated good post operative drainage. The second

patient underwent a percutaneous nephrostomy inserted in my absence as an

emergency procedure. He has also undergone a repeat laparoscopic dismembered

pyeloplasty, had his pig tailed catheter removed, is well, and is pending further

evaluation.

Sixteen (16) out of the total of eighteen (18) dismembered pyeloplasty units have

completed post operative evaluation, with only two remaining to be evaluated

including this second of the failure in our series. Fourteen patients have

demonstrable relief of obstruction, making our success rale 87o/o (14ltO). Although

this is not as good a result as has been reported for open pyeloplasty, it is clearly

approaching the results attainable with conventional open surgery.

Both our failures to date have been in children operated on at three months of age.

Both failures were a result of anastomotic stenoses in spite of trans-anastomotic

stenting. ln retrospect, these operations were technically extremely challenging, the

anastomoses being particularly difficult because of the small caliber of the ureter'

This was further compounded by the inability to use a 3.8Fr trans-anastomotic stent,

due to inability to pass it through the uretero-vesical junction and smaller 3Fr stents

were used instead.
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ln the light of these problems, we advise against performing laparoscopic Anderson-

Hynes dismembered pyeloplasty in children less than six months old.

Discussion
Although other authors have discounted laparoscopic dismembered pyeloplasty as

being too difficutt to become an acceptable procedur"14, we believe that the

refinements achieved by us makes it possible for a skilled laparoscopic surgeon to

perform a good anastomosis and in good time6. The results achievable with

laparoscopic dismembered pyeloplasty are also fast approaching that for

conventional open dismembered pyeloplasty, and one must today consider

laparoscopic Anderson Hynes dismembered pyeloplasty as an attrac-tive and viable

alternative to conventional operation. lt offers far superior cosmetic results and is

far less debilitating for the patient. However, we do not recommend it for children

less than six months of age at this point in time.

We have inserted trans-anastomotic stents in all our cases. While this requires a

second outpatient procedure to remove the stent subsequently, we believe the

advantages of a trans-anastomotic stent in preventing urinary leak outweighs its

disadvantages. Furthermore, we have been routinely stenting our open Anderson-

Hynes pyeloplasty hence this is no different from our management of open

pyeloplasty.

The fact that it is a transperitoneal operation may raise some concern about

adhesion formation, but lt must be noted that there is only very minimally

mobilization of the Lieno colic ligament, which at the end of the procedure, is

completely covered by the colon which flips back into place. This amount of

mobilization is not more than at laparoscopy for an undescended testis or

varicocelectomy. There is also no bowel handling at all throughout the procedure.

It may be possible with refinement in technique to perform this entirely

retroperitoneally. For the moment, the transperitoneal route is preferred because of

the space required to perform intra-corporeal suturing.

Gonclusion
ln conclusion, laparoscopic Hynes-Anderson dismembered pyeloplasty is now a

feasible and attractive alternative to open surgery. Undoubtedly requiring a high

level of skill and understanding of the ergonomics of laparoscopic surgery, it can

nevertheless be learned and performed in the same time as conventional open

surgeryt. lts results are approaching that of conventional open surgery.
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Other develoPments in
Minimally invasive paediatric urology

The first taparoscopic nephrectomy was by Drs. Clayman & Kavoussi in 1991. I had

the good fortune to meet Professor Louis Kavoussi when he visited Melboume in

1ggg. Dr. Kavoussi's technique had the assistant standing opposite the surgeon and

working from a second monitor. The operating times reported by the

Clayman/Kavoussi group was also in the order of about five hours, which I felt was

excessive in children, and it did take him about 5 hours to perform the life

nephrectomy in Melbourne.

After watching him perform the adult nephrectomy, I returned to the laboratory where

I performed several operations in piglets to see if the technique could be improved

on. Having by now performed a substantial number of laparoscopic procedures in

children, and being acutely aware of the importance of correct ergonomics in

laparoscopic surgery, I was aware that the floor plan as advocated by Kavoussi was

not ideal for the assistant, as he was working againsf the camera, introducing a

second order horizontal paradox movement which made the assistant quite useless'

ln the laboratory, I confirmed that it was far better ergonomically to position the

surgeon, nurse and assistant side by side all the watching only one monitor, and

performed several nephrectomies in piglets, before attempting the first nephrectomy

in a child. Even though this made the space rather cramped, it appeared to offer the

best ergonomics.

131



The first live nephrectomy was performed in a four year old child presenting with a

giant hydronephrotic kidney which reached into the renal pelvis. The total operating

time for this was 120 minutes, far less than the average of four to five hours reported

by Clayman, probably a result of improved ergonomics!

To date, I have performed a total of 40 laparoscopic nephrectomies of which 13 were

partial nephrectomies for duplex kidneys. There were three partial lower pole

nephrectomies for non functioning or poorly functioning lower moieties, two end

stage kidneys due to severe reflux and one due to an associated uretero-pelvic

junction obstruction.

All procedures were performed via the transperitoneal route and there was no

conversion to open surgery. One patient with a complete staghorn calculus in a non

functioning kidney developed post operative sepsis which was controlled by

intravenous antibiotics. ln three patients, intraoperative bleeding occuned from

djvision of unrecognised segmental vessels during partial nephrectomy, but these

were all controlled laparoscopically without the need to convert. None of these

patients required transfusion as the bleeding was quickly controlled

The most serious complication occurred in a patient with pulmonary stenosis who

underwent a right lower pole hemi-nephrectomy for a non functioning kidney due to

severe reflux, when the ligature to the lower ureteric stump slipped' The patient was

.anuriC in the post operative period due to unrecognised urinary extravasation from

the ureteric stump, and was given large amounts of intravenous fluid because of the

"anuria" which in tum caused the patient to develop pulmonary edema'
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Operation time varied from 20 minutes for removal of a multicystic dysplastic kidney

to an average of 90 minutes for partial nephrectomy'

Our early results, together with a collection of our total experience in paediatric

minimally invasive urology, were published in Dialogues in Pediatric Urology' Of

interest is that fact that Dr. Louis Kavoussi in recent discussions with him, has now

adopted my floor plan which he agrees is more ergonomic.

The following are papers published in Dialogues in Pediatric Urology and a chapter

on paediatric Minimally lnvasive Urology book which is in print.
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GUEST EDITOR'S NOTES:

The rapid growth in minimally irvasive surgery in the past

few years has made it practically impossble to keep pace

with many of the worddwide developments in thís field. A

previous issue of Diatogues dealt with innovations ginnnly

from the North American continent. This issue will

corìcentrate on some of the developments in this f'eE

which have laken place in our institution "Down Under."

Ourinterest in minimally invasive suqery began in 1986

with the return of David Webb to Auslralia, folbwing his

involvement in the development of percutaneous

nephrofihotripsy in the United K¡ngdom with John

Wld<ham and John FitzPatrick.

As in our adult urological experience, interest in pediatric

perqJtaneous renal surgery began with the management

of renal calculi. We found that extracorporeal shockwave

lithotripsy (ESWL) was not the answerto the management

of renal calculus disease in our popr.rlation because of

many factors which we will outline. We developed a

multinrodal management of renal calo.lli with per@taneous

nephrofitìotripsy (PCNL) emeçing as an important arm of

our protocol. Atter achieving some success with

percutaneous nephrolithotomy, we began to perfom

endopyelotomy, at first on patients wilh renal calq.ili arìd

associated ureteropelvic junction (UPJ) obstruction, and

then later by e¡ferding its clinical applications to patients

with primary UPJ obstruction. ln spite of the success

achieved with this technique, we do not believe that

endopyelotomy is lhe answer for UPJ obstruclion in irfants

and children for many reasons which will be disolssed.
This prompted us to investigate other alternative methods

of treatirìg UPJ obstruction.
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SUS.JECTCF CCNTROvEFSY: MrN¡UALLY rNvASlV€ SURGERY

Ttæ turning point came in 1-o89 when I first wltnessed

lapaoscopic cholecystedoÍry at the initial meeting of the

Sociely for Minimally trvasive Therapy. A maþr stumbl¡ng

bbd( lrowever, was the lack of instrumentation for

lapaloscopic surgery in infants. Fortunately, we developed

¡nstruments suitable for use in ìnfants in coniunction with

Karl Slorz and, as with others, fourd increasing clinbal

a¡pl'rãions for laparoscopy. Olr first leparoscopic

neplrectonry was in 1993 afterthe visit of Lou Kavoussi.

W¡th iìcreasing experierrce and conliderce, we have since

perfumed laparoscopic heminephrectomies and

dbrnembered pyelopla$ies. We can now see a potential

paûhway to treat nearly all kinds of UPJ obstruction though

a mini.nally invasive aPProach.

The hst essay in this issue sounds the only Ciscordanl

rþte, but I chose to irclude it for several reasons. Robert

Fo¡vþrÍrom our ¡nstitutþn has made a significant

oorfùltbn lo the understandirE ot the vasqllar supply of

tÌ¡e testis. The newJound poplanty ol the lapatoscopic

Forvler-stephens approach to ¡ntraabdom¡nal testes has

pronpted me to cons¡Jer the possble bng-term ¡mpad of
lbatbn of the intemal spermatic vasollar bundle on the

testb, and I felt lhd there ¡s no bener person to revieu, the

rcle of laparoscopy than Dr Fowler hímself. This issue 's

therelore about our experierrÆs aû the Royal ChiHren's

l-lospûal in Melbourne- I make rþ apologies forth¡s as the

'lyranny of d'tstance"wot¡ld rnt othen¡tise give my Northem

Henisphere counterparts a charpe to witness the prcgress

of nnnimally invasive suqery "Doam Under'"

Mr.Hod( L Tan
ChÞf of Endosurgery ServÈes, Tts Royal Childen's Hoçita¡'

ltlelbo.me, Australb

EDTTOR'S COMMENTS:

I amdelþhted thal Hock Tan has reprcduced our series

and has expressed enthusiasm for laparoscopy in the

pedÈtrb population. This validates our thinkirìg, despite the

ìyranny of d¡stance," as we and olhers cont¡nue to march

fon¿vard.

Armld Colodny took nE to task at the MP meeting

regarding the extræeritoneal appoach. Despite his

aóocacy for this procedure, the exiraperitoneal approach

in drildren is rnore diffio¡lt than ¡n the adult. lt should not be

errpbyed until one is tamiliarwith conventional

laparoscopy. Additionally, we have not erìcountered any

Íntraperitoneal adhesions to date.

Corgratulat¡ons to Hock and his Australian colleagues,
parrfularty Dr- Fo¡rler, who gives us a balarced
presentat¡on doomenled with relererces in his cntical

review, for this thought-provoking issue.

Fìichard M. Ehrlich, MD

MR. DAVID R. WEBB, FRACS
MR. HOCK L. TAN, FRACS
Endosurgical Sewices, The Floyal Childen's HospiÞ|, lvbbounn

lntraluminal Surgery of the Upper Tract

Calculus dbease is rare in children, and while

extracorporeal shock wave lilhotripsy (ESì¡/L) is rþw the

treatment of choice in adulls with urolithhsis, il has mt
enjoyed the same s¡Jccess in chibren. Thb is because þss

than half of the cases of urolithiasis in chihren are $Jitable

for treatment with this technique. Pediatrb stones ditler h
elioþgy; the maþrity ol slones are either infective or
metabolb as opposed to the adult poplation which are

predominantly kj¡opath¡c slones. Because of this ditfererrce,

we developed a techniqte for pero.ttaneous

nephrolitintonry (PCNL) in children thd rernains the

mainstay of treatment in our inslitutbn. These
perütaneous renal access techniques form the basis of

olher intraluminal prccedures.

Alttnugh PCNL can be performed with safety even in srnall

infarÌts, there are some special poblems 10 be cons¡dered.

Chibren are susceptble to hypothermia because of lheir

rehtively small body mass and the large annunt of in(lant

sohjtbn required for PCNL. A warming bhrket underthe
patient, however, can make it very difftallt to visualize

faintly radiopaque calculi wilh an image intersifter, so we

actv¡se against placing a water blarìket d¡rectty urder the

operative field for this reason. The risk of hypolhermia can

be minimized by wrapping the extremities ard all exposed

parts not with¡n the immediate surgbal fieb wiüt cotton

uool. A space blanket placed overthe child abo will

minimÞe heat loss. lt is also important to keepthe patienû

dry, as a wet chih is a cold chib, and a d'sposable

nzurozurgbal inc'se drape 's an itleal PCNL drape as it is

waterpoof and alþws inigat'ron fluid to drain aaray from lln
operative field into a large collecting bag. lrrþating so¡Jtbrs

should be prewarmed as the perfus¡on of coH inigalion

tluid will lead to rapitl coolirç.

An integral part of percutaneous surgery is the creat'Pn of a

working tract. Several malor differences become eviCent

when one attempts to create nephrocutaneous tracts in

children. Bleeding assumes a greater sþnificance because

of the smaller overall blood volume, and bleeding within a

small collecting system makes visualization extremely

difficult. The size of the collecting system ¡n infants also

makes percutaneous nephrostomy nnre ditf'tollt since
greater precis¡on is required. lt oflen is rìot possble to leave

a lorìg lerìgth of guide wire in lhe collecting system,

especially when dealing w¡th a staghorn calculus. This

increases the risk of guide wire d¡slodgment during

dilatation of the tract. The kidney in a child also is nuch
rnore nrobile than ¡n an adull, increasing the risk of guide

wire dislo@ment during dilatation of the tracl.
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It is cornmon Íor us to use l0 liters of f lud durirç a PCNL

session, but lhe nsk of fluid overload is minimized by using

an open Amplatz operaling sheath arìd a small head of

hydrostatic pressure. We abandon PCt\lL at the f¡rst s¡gn of

enravasation, leave a nephrostomy, and return 10 days

later.

Melhcds of Ditatation. We evaluated olnent techniques for

crealing and dilating a tracl to determine the technique

nìost suitable for use in young ch¡ldren' Cunent acceptd
technþues are senal Amplatz dilators, balloon d¡lators or
metal telescoping dilaÏors. While these are acceptable in

adult percutaneous renal surgery, they can create special

problems when applied in children and each of these will

be discussed.

Muttiple serial dilatation with Amplatz dilators ¡s time-

consuming and bleedirç occurs during the intercharçe of

dilators due to loss of tamponade. The greatest danger

with this technique ¡n small collectirìg systems is guide wire

d'tslodgment and perforation of the opposite wall of the

collecting system. Radial balloon dilatation requires multiple

exchanges as well and it can be ditficult to leave a suff'cient

length of balloon in a small collecting system for it not to slip

oú when the balloon is being inflated. We have found this

method unsuitable in children. The metal telescoping dilator

causes minimal bleeding h.¡t it can be diificult to maintain

the position of the metal rod durirç dilatation. We have

found that the kiJney rnoves away during dilatation as it is

nrore mobile in a child.

We have developed a single lncrement dilator whbh is

roughly penciFshaped and fits snugly over a 0.032" guide

wire. Dilatation is performed in a single stage by l¡rst

puncturing the kicney wilh a 1g€auge teflon needle and

introducing the 0.032'guide wire into the collecting system.
The teflon needle is withdrawn and the single incremental

d¡lator passed over the guide after dilating lhe lumbar

fascia with a pair of straight haerrrcstats. Very little bleeding
is seen using this techn¡que as the tract is tamponaded by

the working sheath. Most pediatric stones can also be

extracted through small diameter Amplatz sheaths. We use

a 14 Fr tract for endopyelotomy and a 1 6 to 1 I Fr tract for

litlþtripsy. We do not use a nephroscope for lithotripsy as

the smallest diameter scope is 1B Fr. lnstead, vie use an

1 1 Fr operat¡ng cystoscope (such as that used for the

STING) with an otfsel eye piece which has an operating
channel that can accomrrodate a 5 Fr probe for the

ultrasonic [thotripter to kagrnent the calculi. We evaluated
the damage caused by this sirçle incremental dilator in the

laboratory and have not lound any differences in the

damage caused by it compared [o conventional techniques

and use lh¡s technique by cloice.

Resufs. We have managed 60 pat¡ents with urinary tract
calculi since 1986. With lhe except¡on of two patients, all

were successfully managed witl'out open surgery. One of
these weighed 1.3 Kg ard was an exlremature infant of
24 weeks gestation w¡th severe brorclnplnnnary
dysplasia. He underuvent open pyelolithotomy because of a

large obstructed system with a solitary stone ¡n the pelvis.

A dismemberment pyeloplasty was pelormed A open

surgery. The second patient had an open nephrectonryfor

a calorlus in a rnrfunctioning khrey. This patient uould
probab ty have unde rgone laparoscopic nephrectorry

today.

ESWL was successful as the onty mode of treatrnent in 16

patients (26%). Th¡rty patients (50%) required PCNL abne,

live (8%) had ESWL and PCNL, and five patients (8%)

were treated with a combination of ESWL, PCNL ard
chennlysis. One patient had chennlysis alone through a

percutaneous nephrostomy. One ureteric stone passed

spontaneously on percutaneous drainage of an obstructed

system.

Our resutts differ markedty from that reported in adutt

services where the maþnty of lones can be successfully

treated by ESWL. This is a reflection of the etblogy, as only

35/60 (58%) of patients had normal upper tracts, and of this

group, 14 patients hacl metabolic lones (six, cystine;

seven, uric acid; one, oxaluria) There were six Auslralian

aborþinal infants in our series all presenting with hematuria

and radiolucent uric acd calculi in undilated, nor"obstructed

systems. These are presumed to be metabolic in origin as

these patients all live ill the harsh Australian desert

environment. The other pat¡ent with uric acid calæius was

undergoing chenntherapy for a malþnarcy.

Twenty-six slones were infective in origin (41%), and seven

others (12%) had pre-existíng renal tract abrnrmality such

as reflux, obstructive uroPathy or previous renal suçery.
The majority of renal stones in our series,lherefore, have

an underlying etiology. Our use of Renicidin in lhe

chemolysis of infective stones is particularly interestirq. We

have used Renicidin either on ils own or following PCNL to

ctear resdual stones and have found il useful.

Morbidity. Seven patients with staghorn calculi became

septic postoperatively in spite of perioperative antibiotic

cover. One of these became hypotensive from endoloxic

shock and required card'rovascular support in intensive

care lo( 24lnurs. Clearly, perioperal¡ve antibiotic cover is

mandatory. One patient required a two-unit transfusion.

She was a teenager with a complex bilateral staghorn

calculus who urìderwenl bilateral PCNL at the same sitlirE.

However, this was one of our earlier patients ard she

unden¡¡ent multiple serial dilatat'rons to create the tract.

Unlike others, we have found ESWL to have a limited rple

in the management of pediatric calculi btlt have found

PCt\lL to be safe and effective ¡n the management of

diflicult pediatric urinary calculi. Except for sepsis, no
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s(¡nificart compli:atbns have occ¡ned. Bbod loss is
minimal when empþying a single incremental d¡lator to
seate llìe trd even ¡n a pat¡ent as young as 16 weeks oE
who is ouryanngest to date.

O*rç¡¡¿i.@e:aturs. Stent mþration is an
ufrccmrrþn pb{em. We have had six children with eilher
boken ormi¡ated Couble piEtailed calheters which have
been sJcces$ully renoved perejtaneously. This is a çod
irdi:at¡on to perform PÇNL as the procedure is usuaily
quid< ard can be pelormed through a smail sheath (12 FQ
with a srnall clstoscope.

Pedíaric erffpyebtofiry has been previously reported by
us and ours.Ðcess rate øry") is similarlo that reported ¡n
ad¡lt serþs. We É€rform this procedure through a small
ArrphE srcan (14 FQ usÍng a I 1 Fr resectoscope with a
bad$/ard olûirng oold knÍfe. Two gube wires are passed
thrwgh the nanow UPJ ard the resecloscope is passed
beh¡een the gudes which splays open lhe UpJ albwirç
fcr easy py,ehfysis- The UPJ is $ented with an
externalized 85 Fr rephrostonry lent with a ta¡l
eldendfg inb proxirnal ureter.

fuen tlrcughwe haue dernonstratd thd endopyelotonry

',t/orf<s ÍJst aswell in children as in adults, we have found it
to be less than an ileal procedure for many reasons. The
rnain techn¡(ãdra¡vback is the need to place an ex:temal
nephrcSonry ster¡l as pediatr¡c ureters will not
aocomnpdate an I Fr double-pigailed stent. Extemal¡zed
nephroslomies are mtwell tolerated by many chibren and
parents even lhor.çh lhey cause minimal disconfort. We
heve also fol'Ë er:dopyelotonry to be unsuitable for
irúar¡ts, üe fimilirgfador be¡rE lhe size of the sterÌt sirìce it
¡s rþt possbþto pass a 8.5 Fr stent through into the d¡sta¡
ureter. We lEve dlempted endopyebtomy using a 5 Fr
sterÌt UJt lnw fourrC lhat th¡s is too smallto maintain
pdency of tt€ UPJ. Forthe same reâson, we have rþt
a[errçted the Ctayrnan acq¡size endopyelotonry because
this req¡ires üe passage of a I Fr retrograde catheter.

These techni:al nmitat'pns, we lhink, will restrbt
erìdopyeþtomy to the treatment of secondary UpJ
obstruclbn inthe future, hlt it is a technþue that works well
in children if lworks. Our experierce ìs that long-term
p€üency canbe acñieved with endopyelotomy. We have
rrcw followedchilchen who had successful endopyebtomy
for lhree to fil¡e years and have rþt encour¡tered any late
reobstructbn any pat¡ent.

O.rr experierre w¡th perutaneous renal surgery is that it is
safe, fut meti:.llor.¡s attentíon to detail is required to prevent
hypothermia. blood loss, loss of tract and sepsis.

MB. HOCK L TAN

Laparoscopic itjeph rectomy and
Partíal Nephrectomy

Since Clayman and Kavoussi descnbed laparoscopic
nephreclomy in aútts, several pedatric urobgists lnve
reported laparoscopb nephreclombs in children. We have
perlormed a total ol æ nephrectomies in children, incLrdirp
six partial nephrectomies wilhout.cor¡versbn to open
nephreclonry. We wculd lke to describe our technhue and
some variat¡ons we developed.

Oprative Defals. We administer an enema prior io a left
nephrectomy since a colon fuil of feces may impede its
nþbil¡zation. A silastic urethrai callEter is inserted pre-
operat¡vely; lhe intravenous line shoub be on the same
side as the kidney io be renroved so that the am can lhen
be placeC in a convenienl pos¡t¡on for easy access by lhe
anaesthetist. We have not found it necessary to ¡nsert a
ureteral stent as the ureter is easily identiliable at the pelvic
brim. The patient ¡s securety positioned in the lateral
deotbilus position as close to the edge of the table as
possible, slightly off the vertical with the lumbar spine
supported by a bean bag or a soft ctrshion. The entÍre
ebdomen is prepped and draped.

Theatre Layout. The floor plan is as shown below. We
preler to position the surgeon and assistant on lhe sarne
s¡de and to use only one monitor. Th¡s albws both the
surgeon and ass¡stant to be in the same l¡ne of vision and
facilitates eye-hand coord¡nat¡on, partiotlarly that of the
ass¡stant surgeon. Placing the assilant on the opposile
side of the table with his own nrcnûor, we have found,
ir¡tmduces an additional degree of paradoxbal rnovement
for he assistant who has to work against the video camera-

Trocar Position. All laparoscopic procedures in our
inslitut¡on are performed by open læaroscopy.A supra_
unbilical circunrferenlial in.:ision is made in the skin crease
above the umbilicus and a small transverse incision made
in the linea alba, I cm above the sk¡n ¡ncisbn. The
peritoneal layer ¡s then identified ard carefully opened,

OR Floor plan

nuÞ@@Scrub Ass¡stant
Surgeon
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lak¡ng câre not lo injure viscera at this stage as the
contents tend to spill out because of the patienl positbn.

An 0 Vicryl (UR6 needle) purse-string is placed around the
linea alba incisbn ard a 10 mm blunt Hasson cannula is
introduced, direcled upwards to the ceiling lo avoid
catchirìg omentum. The purse-string is t¡ghtened around
the Hasson cannula wilh a single throw and hitched to the
l¡gature holder. The abdomen ¡s then insufflaled to 12 mny
Hg pressure with COr. Al least two other 6 mm instrument
cannulae are required, one ¡n the ipsilateral lliac fossa
avoidirq the inferior epigastric artery ard a second in the

. A third 6 mm instrument cannuh
right nephrectomy to retract the

We use an intraperÍtoneal approach, and begin by
detaching the colon from ils lateral peritoneaianaðnment. R
clearfold of lienocolic lþament can be identilied on the left,
and division of this with l¡mited rnobilizat¡on of lhe colon w¡ll
expose Gerola's fascia and the kidney.

Colonic nnbiliz
because of the
dentified at the
as it approache
bolh ends ligated wrth a Suçitie. The distal uretercan be
followed to the base of the bladder, but care must be taken
not to damage the vas which crosses the ureter in the
pelvis. Gonadal vessels cross the ureler and should be
preserved. The fernoral and ilb inguinal nerves and lumbar
sympalhetic chain are all at risk in retroperitoneal dissectbn
and care is taken not to damage these.

Tract¡on uparards on the ureter exposes the renal hilum. lt
is easier to leave the kbney in its bed and to dissect the

izing the kilney because the kidney

.op€rat¡ng 
lield and may imæde

The renal vein is identified in front of and below. the renal
artery but the artery is clipped l¡rst to prevent venous

not found it necessary to use a
ppl¡cator is introduced through the
S mm telescope can Þe inserted

into the upper quadrant cannula Curing this phase of the
operation. This saves using a second large cannula. One
of the greatest dangers is to miss a posterior segmental
vessel or branches to the adrenal gland and to divide them
unknowingly afler controlling the main vascular branches.
We have not found it necessary to ilently the renal ped¡cle
when rennvirg multicystic dysplastic kbneys as these
vessels are usuaily rather f limsy and may be diathermied.

Once the kidney has been completety delached, the 5 mm
telescope is reintrcduced inlo the upper quadrant port. A
grasper is introduced into the 10 mm Hasson cannula and

the k¡

alba
intact
cysts
necessary to rnorcellate any specimen so tar.

rib ard ¡liac crest is barely 3 cm. This does iþt albw
sutf'cient
follow the
systerns,
approach

The main advantage of an
allegedly is to avob develo ns.
However, we have encoun
adhesions at laparoscopy in pat¡ents who have undeçore
previous extraperitoneal operations and serbusly questbn
this reasoning.

All heminephrectomies were lor duplex systems. Tuo
lower pole hemÍnephrectomies were performed, one for a
nonfunctbning kidney with associated UpJ obstruaion of
the lowe
functioni
nephrou er
rnoieties

Heminephrectomy can be technically challenging.
Lower pole heminephrectomíes are easier aJthõre is
no nee pedicle. When performing
an UPP ectomy, we find it best to
isolatebehnd ill'fti:iï":il1',ñi:
countertract¡on on the upper pole to Íacilitate d¡sseclion
of the renal pedicle. The distal ureter is excised
separately. We have not found ¡t necessary to clip the
Segmental upper polar vessels in most cases, but have
used an exclusive pair of bipolar forceps to coagulate
and divide the upper pole kidney btoodtessty. (Tãn
bipolar lorceps - Karl Storz)

Complications have been minimal. One pat¡ent w¡th a

5

138



SUBJECT OF CONTRovÊRSY: MINIMALLY lNvASlV€ SURGEFY

nonfunc;tion¡ng kidney and a complete staghorn

calculus developed postoperative sepsis' and there

were three intraoperat¡ve bleeds lrom missed

segmental 'ressels which were controlled

lapãroscopically. None of these required transfus¡on'

One patient w¡th p nderlvent a lower

pole heminePhrou nfunctioning

iower pole relluxin Ped cardiac

failure because of raperitoneal

urinary leak irom a slipped ligalure to ureteric stump'

She settled on urinary drainage for six days without a

need to re-explore the dista.l.

The operating time varied from 20 m¡nutes for a

nrulticystic kidney to four hours lor a nephrectomy in a

child who had previous open renal surgery. The ease of

the procedure is dependent on the pathology' with

muttìcystic kidneys being the easiest.

Conclusion. Nephrectomy and partial nephrectomy

offers the patient considerable cosmel¡c advantage.

Although the benefits of laparoscopic surgery evident in

adutt surgery, such as reduced hosp¡talization, qu¡cker

recovery and less pain, are less obvious in the pediatric

age group, it still nonetheless will become accepted if it

can to shown to be at least as safe as convenlional

open surgery.

Notwithstanding these limitations, endopyelotomy still

should be considered for pat¡ents wilh renal calculi

secondary to a UPJ obstruction' and parlicularly for

pat¡ents with recurrent obstruction following open

dismemberment pyeloplasty. Accusize endopyelotomy'

as described by Clayman, similarly is not suitable in

children for the reasons already outlined.

MR. HOCK L. TAN

Minimally lnvasive Management of
UPJ Obstruction in Children

Ureteropelvic junction (UPJ) obstruction is one of the

most common obstructive uropathies seen in children

today, especially with an increasing number being

diagnosed antenatally. While the indications for
lreatment of antenatally diagnosed hydronephrosis
and apparent UPJ obstruction remain controvers¡al

and will not be discussed here, open dismembered
pyeloplasty remains the lreatment of choice when an

operation is indicated. Open dismembered
pyeloplasty ¡s effect¡ve treatment, but it is not

minimally invasive and sometimes is associated with

sign¡f icant morbiditY.

We reported a series in 1 993 of 17 children in whom we

attempted this procedure. Endopyelotomy was

completed in 13 patients with relief of obstruction in 10,

giving a success rale o1771/", comparable to that
reported in adult series. While endopyelotomy offers a

minimally invasive method of treating UPJ obstruct¡on, it

is technically a dilficult operation, is unsuitable lor
infants, and the result is still not as good as

convent¡onal dismembered pyeloplasty-

The advent of new techniques and technology
prompted us to evaluate more recently other

alternat¡ve and minimally invasive methods of

relieving a UPJ obstruction. We noted that radial

balloon dilators had been used successfully to dilate

vessels and other hollow viscera. The recent

availability of the 8-atmosphere 3.8 Fr balloon dilator

prompted us to evaluate its role in the UPJ

obslruction since this catheter is small enough to be

passed through a neonatal ureter in a retrograde

fashion. We have now performed 14 relrograde

balloon dilatations tor UPJ obstruct¡on and have

completed postoperative evaluations in 10 patients'

The early resulls indicate that 70% of oui'patients

treated by a single dilatation have been relieved of

obstruct¡on and we believe that th¡s technique holds

some promise for the lreatment of UPJ obstruction in

neonates and infants.

The gold standard remains dismembered pyeloplasty'

however, and confidence with the laparoscopic

approach to the kidney prompted us to attempt this

laparoscopically. We have now attempted s¡x

transperitoneal laparoscopic dismembered
pyeloplasties. The first attempt was converted to a

conventional open procedure because the UPJ was

completely stuck to scar tissue from previous surgery'

We have successfully performed live dismembered
pyeloplasties totally by the laparoscopic route in

children. Four'ol these were for primary UPJ

obstruction and one was for a failed endopyelotomy'
The average age of these patients was seven years'

four months (with a range of two years, seven

months to nine years, three months). The average

operating time was 116 minutes (range of 90 m¡nutes

to 160 m¡nutes). We have only performed post-

operative evaluation in two ol these patients at six

months and have demonstrated relief of obstruct¡on

on the DTPA renography in both pat¡ents. The othef

three are awaiting evaluation and the results will be

reported in due course.

is technicallY
¡fficult aspect
exPerience

Positioning
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of instrument trocars is critical to fac¡l¡tate the
intracorporeal suturing.

The procedure is performed via an intraperitoneal
route, and the anastomosis is perlormed with an
intracorporeal conlinuous 5/0 monolilament
absorbable sulure. The posterior anastomosis should
be performed first and we have found it easiest to
perform this without a stent in place. A double
pigtailed stent is inse¡1ed aíier compleiion of the back
layer by passing a long teflon needle through the
abdominal wall into distal ureter, and passing the
guide wire antegradely into the bladder. The pigtailed
catheter can then be slid over the guide with relative
ease. No perinephric drain is used, since any urinary
leak will only drain freely into the abdominal cavity,
this being an intraperitoneal procedure.

All patients with one exception stayed overnight in
hospital. This patient developed a subcutaneous
haematoma from a trocar puncture and remained in

hospital for four days.

Our early impression is that laparoscopic dismembered
pyeloplasty can be performed in about 90 minutes once
the surgeon is through the leaming curve. lt may be the
procedure of choice for the future as the results should
not be any different from open dismemþered
pyeloplasty, The main difficutty would be to suture in a
confined space, and it would lherefore be technically
exlremely dificult lo perform a suture anastomosis ¡n a
neonale. However our experience suggests that it is
technically just as easy ¡n a two-year-old infant as ¡t

would be in older children.

These new developments could foretell a change in
our luture management of UPJ obstruction. My
current protocol is to perform retrograde balloon
dilatation ¡n infants and to offer laparoscopic
dismembered pyeloplasty in children over the age of
two. Endopyelotomy is reserved lor those with renal
calculi and associated UPJ obstruction or those with
failed previous open pyeloplasty. We have not
addressed the ¡ssue of failed retrograde balloon
dilatalion in infants, but will consider repeating the
dilatation in fulure.

The era of minimally invasive treatment for UPJ
obstruction is here. However this requires combined
knowledge and skills in ìntraluminal endoscopy,
laparoscopic surgery and interventio nal radiology,
each of which have a steep learning curve. For that
reason, it will be some time before the minimally
invasive management of UPJ obslruction becomes a
routine practice.

MR. ROBERT FOWLER, FRACS
Oeparùneflt ol Surçry, Royal Chrlden's HosÊtal, l\,i€lboume, Ausûala

Evolving Role of I ap¿roscopy in he tulanagement of
High Undescended Testes: A Critical Fìevis¡,

High undescerded testes (UDTs ) present spec¡al
problems forwhich the establ¡shed zurgical cptbßs arê $tr1

u nsatisf actory, The available optio ßs irrclude conventbnal
transinguinalorchbopexy (TlO) with extersbn of the
incision as necessary; muttiple-stage orchiciopexy (MSO)

and testiorlarvessel division (TVD) with anenged
preservatbn of collateral supply. More recent options
include autotransplantation of the testis (AT), and staging of
TVD, either by the inguinal or laparoscopb route.

By referencing relevar¡t gJblicat¡ons appeanng in the pas
fa,,r years (1989-1994) to what has çne b€lore, sð/eral
key issues emerge notably, the phce of preoperative

irvest'Eations, the rcle of laparoscopy, and whether
surgrcal planning shoub be by preemptbn ordefault.

Conventionally, expbratbn has bæun with a slardard
inguinal incision, extending exlraperitonealty ard
intraperitoneally as necessary. l-lowever, elensive cotd
dissection in lhe canal or retropeítoneum must seriousty
prejud'ce the prospects forother available optbrE Unless
these altemative technþues yield worse results tlnn those

of conventbnal TlO, then a preferable strategy b to base
the choice of options on preoperative krnwledge of tle
locatbn of lhe testis and the confþuration of the vas arÉ
vessels. This is best ach'eved by hparoscopy.

Some suçeons still favour primary surgical exploratbn in
preference to any preoperalive investigatbns, incfudirg
laparoscopy (FeÍo et al, 1992; llazebroek and Molenaar,

1992: Zerella and McGill, 1993), but th¡s is the policy of
planning by default. For pre-emptive planning to zucceed,
laparoscopy is essential. lt 

'rs by far the nþst irfonnative
investþation, eslablishing the presence or absence of an
intraabdominal testis and any associated abnonnalities, the

corliguration of the vas, and the len$h of the testicular
vascular pedicle. Laparoscopic orchidectomy can be
performed if an alrophic, hypoplastic or grossly dysplastic

testis is located and immediate blind expbration avoided if

no testis or cord structures are found. lf no intraabdominal

test¡s is found, fut testicular vessels are seen exiting

through the inlemal ring, wrth or without a vas, then inguinal

exploration for a testis or remnant can follow immediately' lf

testicular vessels are no,vhere to be found, then an

unnecessary inguinal exploration can be avoided. lf

nrobilization by staged WD is chosen, the ìnitial vessel

intemJpt¡on can be done at laparoscopy (Bloom, 1991 ;
Waldschmidt ard Schier, 1991) rather than by open
operation. When TVD is contraindicated by an unusually
short vas, or vasal anomalies, then AT can be chosen. ln

order to make the best pre-emptive clpbe of surgical
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The limitations of conræntional TlO (Saw et al' 1992)' of lhe

::r.Cec suprainguiral approach (Youngson and Jones'

.r.: ot ÑlSO (Zer et al, 1975: Redman, 1'977) arc

--mented. These methods seldom achieve

satilactory scrotal phcement in nþre than 807" of

rinrpalpable testes ardusually achieve less'

ccess in some
ess rate of 8æl' in
large recent series,
'bleeding test," had

ilccess rates of 89% (Kogan et al, 1989) and 96%

{WaEschmidt ard Scfrier, 1991 )' Essentlals for success

have prevìously beendetailed (F&S; Kogan)'

than unnrodified TVD. For oPen

s thus far have varied from 65%
% (Boddy et al, 1991),91%

licar', 1992) and 1@% (Fìansley et al' 1984)'

n-

M-crovascular AT iras success rates rarEing between 54-

100% (O'Brien et a[ 1983; Hanison et al, 1991), but nìostty

t al, 1982;
1989: Boddy et al,

alpable testes had
1991). Thatthe

testts can remain v ic occlusion, if

the vasal colÌaterd nchi' 1984)'

makes rePorìed su anastorþtb

occlusion atways rs reccgnzed.

established for manlestly defective testes-

Scaletsky, 1990).

YOUR RESPONSE
We'd like your commenis on the subject of this and

other issuãs of this publication' Please send them to

Richard M. Ehrlich, MD, 100 UCLc lvledical Plaza'

Suite 690, Los Angeles, CA 90024
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Summary. AJthough pediatric minimally invasive surgery is still in its infancy, there
is no doubt that it is gaining acceptance as an alternative method of treating many
diseases that in the past required open surgery. It is having a rapidly expanding role,
and there is increasing demand by patients to be treated by less invasive methods. The
future of surgery must now rest in our ability to reduce the trauma inflicted on our
patients.

Key words: Minimally Invasive Surgery, Pediatric laparoscopy, Pediatric endoscopy,
Pediatric endourology

Introduction

Many advances have been made in the past decade allowing for minimally invasive
methods of managing complex pathology. In pediatric urology, however, the spec-
trum of pathology is different from that seen in adults, and this makes it difficult,
if not impossible, to employ any single t¡eatment modality to manage many of the
conditions seen i¡ children. This chapter serves to highlight some of the differences in
pathology and discusses some of the minimally invasive methods for managing these
þroblemî.

To begin with, rnany pediatric urological problems are congenital, functional, or
self-limiting. Dysfunctional conditions such as neuropathic bladder may lead to

One may also need to modify many forms of treatment to avoid special problems
in children, such as damage to the lung during extracolporeal shock-wave lithotripsy
(ESWL). Although many forms of treatment have beeu shown to be safe in adults,
the long-term results of treatment are still unknown, and we have to remain cautious
about the use of surgical implants such Teflon for the endoscopic treatment of
vesicoureteral reflux.

Pediatric Minimally Invasive Surgery

Department of Surgery, The CJrinese university of Hong Kong, prince of wales Hospital,
Shatin N.T., Hong Kong S.A.R.

l-{È

G

149

149 .L{P-

:tl.

.t

ENO1 1 B

143

1/8/99,5:01 PM



+

150 H.-L. Tan

Despite these special problems, many conditions are amenable to treatment by
minimally invasive methods, which will be discussed in this chapter.

Management of Urinary Calculi in Children

Urinary calculi are relatively uncommon in children, but the increasing use of bladder
augmentation for neuropathic bladders will probably result in an increased incidence
of infective bladder stones and possibly upper tract calculi as well.

Upper tract stones in children comprise less than lo/o of. all calculi seen today [1].
Unlike adults, in whom the majority of urinary calculi are idiopathic, a significant
proportion of renal calculi in children have an underlying etiology, the commonest
being infection, which is responsible for about 40% of renal calculi seen in our series.
Concomitant abnormalities, such as an obstruction, neuropathic bladder, or reflux,
will often complicate the management of these stones. There is also a higher inci-
dence of metabolic diseases such as cystinuria in children. Although some authors
have reported a high degree of success with ESWL [2,3], others, such as Losty et al.

[4] and ourselves, have found that only about25o/o of all our pediatric calculi were
suitable for treatment by ESWL. The majority in our series required percutaneous
nephrolithotripsy (PCNL), and the majority in the series pubiished by Losty et al.
required open surgery.

Despite this, patients presenting with a small upper tract stone without obstruction
can be managed by ESWL alone, but special precautions must be taken to prevent
shock-wave damage to the lungs in young children. Polystyrene foam wrapped
around the chest wall usually suffi.ces [5], but this may reduce the efficacy of ESWL by
reducing the overall rpidth of the shock wave. There are also a significant number of
children who require more than one ESWL session for stone clearance.

We have employed ESWL as monotherapy in the management of upper tract
stones without signiflcant complications, although others have reported hematuria,
colic, and fever [5] in up to 70% of. patients undergoing ESWL alone. Although the
long-term effects of ESIVL are still largely unknown, Lottmann et al. have reported
DMSA scan evidence of parenchymal damage 6 months after ESWL in children [6].

Children with staghorn calculi or stones >2cm in diameter should be treated with
combined therapy consisting of PCNL to reduce stone bulk, followed by ESWL, if
appropriate.

P er cutaneoL¿s N ep hro s co píc P r o c e dur es

PCNL is safe and effective in children [7-10], although experience with this modality
remains limited. We have employed PCNL for over 10 years, the youngest patient to
date being a 16-week-old infant with an incomplete cystine staghorn calculus. Even
though PCNL is safe, there are several important factors one has to take i¡to consid-
eration when performing PCNL in children to ensure that it can be performed with
safety.

Small children are at particular risk of hypothermia, especially if large volumes of
fluid are used for irrigation during PCNL, as is often the case. It is very important
therefore when performing PCNL in children to ensure that the extremities and all
other body parts are wrapped in cotton wool and the child is protected with a space
blanket to minimize heat loss (Fig. 1). Although warming blankets are effi.cient, their
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Frc. 1. Small infanl completely in-
sulated by wrapping all unexposed
areas with cotton wool and space
blanket

Frc.2. Disposable
neurosurgical incise
drape keeping patient
completely dry

use may interfere with the imaging of the upper tract during the procedure, and it is

important to check this with a quick screen with the image intensifier before the
patient is completely covered. If it is necessary to use a warming blanket, we recom-
mend that it be placed on the upper part of the body.

'We have found that the most efflcient method of maintaining the child's body
temperature is to keep the child as dry as possible. A disposable neurosurgical ì¡cise
drape that has a large water bag to contain the runoff serves this purpose extremely
well (Fig.2).

Other important factors in the prevention of hypothermia are to ensure that all
irrigating fluid is prewarmed (we have used up to 101 of fluid for some procedures)
and to ti¡¡it the operating time for PCNL. This is best accomplished by reducing the
down time spent waiting for instruments, radiography, or a new bag of fluid, which
requires considerable planning and training of an efficient team of operating room
nurses and technicians.

The collecting system in i¡fants is considerably smaller than i¡ adults. This often
means that only a small length of guidewire can be introduced into the collecting
system, which makes it easier to dislodge the guide during the puncture and creation
of the tract. We therefore try to manipulate the guidewire into the ureter or even i¡to
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the bladder to reduce the chance of accidental dislodgment during the creation of the
tract. We have found that this is best done with the latest generation of guidewires
with hydrophiiic coatings, although special care must be taken to ensure that they do
not become dislodged, because they are extremely slippery.

The small size of the collecting system also means that it is easier for the dilators to
be dislodged during dilatation of the tract. An irfant's kidney is extremely mobile,
which also i¡creases the risk of dislodgment. Because of this, we do not recommend
the use of serial telescopic dilators, rvhich are stepped and can dislodge from a small
collecting system whren a larger one is introduced over ihe smaller dilator. The same
problem exists with the Amplatz serial dilators, where there is risk of dislodgment
during the i¡terchange. Balloon dilators have a tapered end that tends to slip out of
a small collectilg system unless one can introduce a substantial length i¡to the
collecting sYStem.

Another consideration in performing PCNL in children is the risk of bleeding
because of the relatively small blood volume. Even a small amount of bleeding into
the collecting system will make endoscopy difficult, since all the blood has to be
sucked out before PCNL is performed. Hence, it is important to reduce blood loss as

much as possible. We have found the bleeding usually occurs during the interchange
of dilators. We found that a single-stage i¡cremental dilator [11] with a specially
modified Amplatz dìlator (Cook Urology) with a sharpened end somewhat like a

pencil causes less bleeding and trauma, and this is our preferred method of dilating a

tract.
Because most infant kidneys are extremely mobile, they tend to be pushed away

from an advancing puncture needle or diiator. It is important to bolster the kidney
adequately with a sponge placed underneath the patient to stabilize the kidney. We
also prefer to puncture the lower-pole calix and create a tract below the 12th rib.
Because infant breathing is primarily diaphragmatic, and the lung can extend quite
low, especially when a child is being ventiiated, there is an ircreased of pneumothorax
if the puncture is made above the 12th rib.

Surgical Hardware for PC^IL

Even though paediatric nephroscopes a¡e available, we have found that these are still
too big for infants, being 18F in diameter and requiring at least a 24F Amplatz
sheath, which increases the risk of splitting a small kidney. 'We prefer to deploy a 9.5 F
offset lens operating cystoscope with a 5F operating channel. This instrument makes
an exceilent infant nephroscope and can be passed through a 14F Amplatz. The 5F
single operating channel is also sutfrcient to perform any endoscopic manipulation
and allows the ureteroscopic ultrasonic probe, lithoclast, or hol¡nium laser fiber to be

passed with ease.

By and large, the most serious complication to avoid is fluid overload when per-
formiag PCNL in children, as one can often use up to 101 of irrigation fluid during a

single PCNL session, and it is impossible to accurately monitor how much fluid is

absorbed during PCNL. However, the risk of massive fluid overload can be reduced
by using the open Amplatz method and by keeping the head of pressure of the
irrigating fluid as low as possible by not hanging the fluid bags too high. PCNL should
be abandoned immediately if extravasation is detected. It is far safer to leave the child
with a nephrostomy and to retum a few days later to complete the procedure tha¡ to
risk a massive fluid overload.

+.

G

:i.
i.tl,

ENOI 1S 152

146

À
+()FY

1/8/99, 5:01 PM



+.

Pediatric Minimally Invasive Surgery 153

Other Safety Considerations

Although we prefer to Perform PCNL as a single-stage procedure, performing the

renal puncture ourselves, this requires practice in young infants and there is deflnitely

a leaining curve involved. When starting off, therefore, it may be safer for the

interventiional radiologist to establish a percutaneous nephrostomy and to allow this

to mature before proceeding to PCNL.

Ureteropelvic Junction Obstruction

ment of UPJ obstruction in children are available today.

Endopyelotomy

by puacturing a lower-Pole calix.-This 
is then dilated to accommodate a 14F Amplatz sheath, and nephroscopy is

ureter.
A¡ external nephrostomy stent is then inserted into the uPper ureter, the proximal

end of which is exteriorized and left to drai¡ freely until the urine is clear before it
is spigotted. The nephrostomy is removed 6 weeks after endopyelotomy, and a

nephrostogram is performed to demonstrate patency of the UPJ.
the main disadvantage of endopyelgtomy is the need for the patient to wear afi

external nephr e have found that children do not tolerate
these we[, ànd i¡ternal 8F double J stent in young infants

because of the ion. Endopyelotomy is also unsuitable for
young infants because it is not possible to r¡se a sutñciently large stent.- 

Clal'man has described the use of antegrade accusice endopyelotomy as being

effective in adults. Atthough accucise endopyelotomy has been reported in two
children [16], this technique is not applicable to young children because of the large
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caliber oI the accucise catheter. A 5 F accucise catheter has recently become available,
but the balloon enlarges to 10F diameter and the shaft of the catheter tapers to 8F
diameter, making it still largely unsuitable for use in small children at the present
time.

Although the results with endopyelotomy are not as good as those with dismem-

bered pyeloplasty, we believe that there is still an indication for endopyelotomy in
selected cases, especially after faiied open pyeloplasty [13,14], if there is an associated

renal calculus requiring PCNL or in children with a nephrostomy previously i¡serted
for drainage.

Retrograde B allo on D ilatation

Retrograde balloon dilatation as the primary treatment of UPJ obstruction has also

been described by us [17] and by Doraiswamy [18] as a alternative procedure. The
procedure outpatient procedure. It involves performing a
retrograde intensi-ûer control and then passing a guidewire

into the re 5F or 3.8F PTCA catheter to dilate the UPJ. In
our cases we have encountered a very tight hourglass-like stricture, which we have

attempted to dilate. (accompanying figures). A 5F internal double J stent is then

inserted to stent the UPJ for about 6 weeks.
This procedure was attempted in 16 patients, but we could successfully dilate the

UPJ in only 10. Of those in whom dilatation was possible, improvement in drainage
was seen n1, a 10% success rate.

There are limitations to retrograde balloon dilatation, with a high technical failure
rate, since we could not pass the balloon catheter tfuough the UPJ in four Patients.
'We were unable to dilate the stenosis i¡ two others because of insuff,cient pressure

generated by the balloons with a burst pressure of 8 atmospheres. Notwithstanding
this, one has to reevaluate the possibility of performing retrograde radial balloon
dilatation when balloon dilators with much higher burst pressures become available.

Laparoscopic Anderson-Hynes Dßmemb ered Py eloplasty

There are very few reports of laparoscopic Anderson-Hynes dismembered
pyeloplasty to date 119¿2} and even fewer in child¡en 123,241. Most report that this

is an extremely difficult operation, with average operating times ranging from 120 mi¡
(using the endostitch suturing machine) to 530min. We have now performed 18

A¡derson-Hynes dismembered pyeloplasties via a transperitoneal route and describe

the technique below.
The patient is positioned at the edge of the operating table as illustrated and is well

secured with elastoplast dressing (Fig. 3).'We use only one monitor, and all operators
stand on the same side (Fig. 4), which is important for correct hand-eye coordi¡ation.

The kidney is approached via a transperitoneal route by reflectilg the colon off
Gerota's fascia. This usually requires very little intraperitoneal mobilization, as the

kidney is always dilated and easy to identify.
Unlike others who advocate passing a retrograde ureteral or Fogarty catheter

before pyeloplasty, we d t is easy to identify the UPJ
laparoscopically by comm sinus to idenlify the pelvis and

then following it medially ssels is found. The UPJ is then
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Frc. 3. Patient position for
laparoscopic pyeloplas ty

Frc. 4. Floor plan for laparoscopic dis-
membered pyeloplasty. Note that only one
monitor is required, and the surgeon, assis-

tant, and operating room nurse stand on
the same side

usually identified by a lifting motion, and the proximal ureter can then be mobilized
(Fig. s).

Most authors report that endosuturing is extremely difficult. However, we have
refi¡ed the technique of endosuturing and simplified it by stabilizing the anastomosis
with a trancutaneous "hitch stitchi" on the renal pelvis. We beiieve that this hitch
sritch is all-important in facilitatirg fine endosuturing (Fig. 6).

The pelvis is opened above the UPJ (Fig. 7) and the ureter is spatulated (Fig. 8a-
c) before the UPJ is discarded. The anastomosis is completed with conti¡uous 6/0
monoñlament absorbable sutures, starting at the angle of the spatulated ureter,
anastomosing this to the most dependent part of the renal pelvis (Fig. 9a,b). The
posterior anastomosis is completed first by running this suture up toward the ¡ena.l
pelvis (Fig. 10).

On completion of the posterior layer, a 19F Teflon-coated needle is inserted near
the subcostal margin, and a guidewire is inserted through this rnto the proximal ureter
and passed into the bladder. The Teflon needle is then removed, and a 5F or 3.8F
double J catheter is inserted into the bladder (Fig. 11).

The guidewire is then removed and the proximal end is i¡serted i¡to the renal
pelvis. The anterior anastomosis is then completed by running the suture from the
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Frc. 5. UPJ exposed by lifting
action after opening Gerota's fascia

Frc. 6. Transabdominal hitch stitch
is used to stabilize UPJ

Frc. 7. Pyelotomy performed with
sharp scissors
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Frc. 8. a. UPJ partially divided to open
late¡al wall of ureter. b. Proximal ureter
spatulated along lateral walI to Preserve
orientalion (note that the UPJ is still af
tachdlf). c. UPJ is excised only after ureter
has been spatulated

Frc. 9. a. First anastomotic suture is placed at angle of spatulated ureter. b. Ureter
resutured to most dependent part of renal pelvis

pyeloromy toward the most dependent part of the anastomosis (Fig. 12). The hitch
stitch is then removed, and the kidney is returned to its renal bed.

We do not use a perinephric wound drai¡, as the placement of a doubÌe J stent

prevents urinary leak, and even should such a leak occur, the drain would not prevent

intraperitoneal leakage.
The average operating time for the pyeloplasties in our series was 89mi¡, well

withi¡ the operating time for conventional open pyeloplasties, making it a far more
acceptable alternative.
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Flc. 10. Posterior anastomosis
completed

Frc. 11. Double J stent in situ

Frc. 12. Completed anastomosis
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Postoperative evaluation has now been completed in 16 oi the L8 patients we have
operated on, and relief oI obstruction has been demonstraled in 14, giving a success

rate of 87%, which approaches that for conventional open pyeloplasties. The two
failures were in 3-month-old infants, where diffrculties were encountered with
endosuturing because of the small size of the ureter. The size of the ureter also

createcl difficulties with insertion of the double J stent. Because of these technical
difficulties, we currently do not recommend laparoscopic Anderson-Hynes dismem-
bered pyeloplasty in infants less than 6 months old.

Although the operation is difficult to master, it is well within the grasp o[ any

laparoscopic surgeon adept at intracorporeal suturing. Several endoscopic maneuvers

and shortcuts have been developed to greatly facilitate this operation and to reduce

the operating time to one comparable to that for an oPen pyeloptasty. However, these

shortcuts are difñcult to describe, and it is best to witness the operation itself fr¡sthand
to appreciate them.

Nephrectomy'

Like most forms of endoscopic surgery, laparoscopic nephrectomy was developed

in adutt patients before being adopted by pediatric urologists. Laparoscopic
nephrectomy was fust described by Clayman et al. in aduls [25], and the ñrst report
of nephrectomy in children \¡r'as not until 2 years laler [26,2'7]. Even though there v/as

some initial reluctance to adopt laparoscopy for pediatric upper tract abnormalities,
it is in fact an ideal approach to the upper tract in children, as most of the conditions
we are dealing with in children are benign and lend themselves weil to laparoscopic
nephrectomy.

Although multicystic dysplastic kidneys are generally treated conservatively,
it is generally a should be removed,
particularly whe the easiest to excise

laparoscopically. multicystic dysplastic

kídneys occurs b es an extensive exPo-

sure. However, if it can be demonstrated that laparoscopic nephrectomy is indeed an

easy, minimally invasive option, it is likely that in time, a more aggressive approach

to the management of multicystic dysplastic kidneys will be adopted.
Laparoscopic nephrectomy for end-stage reflux or hydronephrotic kidneys is more

difficult than that for nulticystic dysplastic kidneys, particularly i¡ the face of previ-
ous episodes of infection, when the kidney is often surrounded by dense perinephric
frbrosis. Giant hydronephrotic kidneys, however, can be removed quite easily without
morcellation if they are emptied of fluid before removal.

T r ansp eritone al N e p hr e cto my

This is a relatively straightforward procedure i¡ child¡en. The patient is placed in
a prone position at the edge of the operating table and firmiy secured with an

elastoplast dressing.
We prefer to make a 270'i¡cision i¡ the ski¡ crease at the base of the umbilicus and

use an open Hasson techaique through a small transverse linea alba incþion placed

about 1-2cm above the umbilical cicatrix. This linea alba incision-õan then be

enlarged quite considerably for extraction of the kidney. Care must be taken when
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opening the peritoneum, as the child is in a lateral position and the risk o[ visceral

injury is higher.
Gerota's fascia and the underlying kidney are quite easily exposed by dividing the

lienocolic ligament and its counterpart on the right side. Colonic mobilization is

greatly facilitated by the administration of a preoperative enema. It is easiest to
identiiy the ureter just below Gerota's fascia and follow it up to the renal hilum,
where the vessels can then be individually identifled. We prefer to complete the vessel

dissection before mobilizing the kidney from its bed, as we fi¡d thal the kidney is too
floppy otherwise and gets in the way of the dissection.

When partial nephrectomy is performed for a duplex system, it is especially impor-
tant to identify the ureters first. The duplex ureters are easily separated from each

other just below Gerota's fascia by a maneuver similar to that used to separate a

hernial sac from its adjacent structures.
The ureters should then be followed into the renal si¡us to display the anatomy.

The most rlifñcult part of laparoscopic pârtial anatomy is displaying the renal
vasculature. If nephrectomy is performed for a nonfunctioning uPper pole, this can
be greatly facilitated by dividing the upper-pole ureter early, passing it behind the
renal sinus to the upper pole, and using this fo¡ traction to display the vascular
anatomy.

Retr o p eritoneal N ep hr ectomy

Retroperitoneal nephrectomy has also been reported in children Í28,291. The retro-
peritoneal space can be easily approached from the loin through a small Hasson-type
i¡cision. A retroperitoneal space can be created by either inflating a small balloon
made from the Ânger of a rubber glove or by blunt telescope dissection, using the
telescope to break down loose connective tissue.

Retroperitoneal nephrectomy is more technically challenging, as the sPace is some-
what less in a chiid and it is not possible to display surrounding anatomy such as the
major vessels. Duodenal perforation has been reported with this procedure [30]. It is
also more difflcult to follow the ureter distally for nephroureterectomy.

The main advantage of retroperitoneal laparoscopic nephrectomy is that it is

performed entirely in the retroPeritoneum. However, transperitoneal nephrectomy
involves very little intraperitoneal mobilization, and the risk of formation of adhe-

sions is low.
It is probably safer to perform a transperitoneal laparoscopic nephrectomy. In

patients who have had repeated attacks of pyelonephritis or i¡ those who have had
previous renal surgery, as it is much easier to identify the surrounding anatomy and
the operating space is significantly larger, thus avoiding accidental trauma to sur-
rounding organs, especially if signifcant adhesions are anticipated.

Laparoscopy for Undescended Testes and Varicocele

Although undescended testes are a common pediatrìc surgical problem, only a small
number are truly impalpable, requiring laparoscopic evaluation. In spite of newer
diagnostic modalities, laparoscopy remai¡s the most accurate diagnostic tool for
the location of impalpable testes [31], but this has to be combi¡ed with a careful
EUA before laparoscopy, as an emergent testis lying within the inguinal canal can

160 1/8/99, 5:01 PM

l-
{Ð_f

G

ENOI 1 g I{P

154



+.

Pediatric Minimally Invasive Surgery 161

sometimes only be located under a GA. If a testis can be felt in the inguinal canal,
it is just as easy to perform conventional orchidopexy rather than proceed to
laparoscopy.

Laparoscopy is performed using three ports, with the telescope placed in the
umbilicus and the other two i¡strument ports irr each iiiac fossa. It is easiest to stand
on the contralateral side of the patient, with a single video monitor placed at the foot
of the operating table.

The testis is usually identifled near the i¡ternal ring. If it can¡ot be easily located,

it is best to locate the vas fust by searching in the pelvis and following it toward its
btind end or the testis.

If a he¡nial sac is present, the telescope should be inserted into the sac to look for
the testis. A conventional open orchidopexy can usually be performed if the testis is

in the sac.

A vas entering an internal ring accompanied by a fi¡e leash of vessels usually
signifies the presence of a so-called vanishing testis. In this instance we proceed to a

srnall groin incision to remove the small nubbin of testicular remnant that one usually
fi¡ds in these cases. We would excise any intraperitoneal dysplastic testicular tissue if
this is found at laparoscopy.

The staged Fowler-Stephens method of orchidopexy has found favor among many
laparoscopic surgeons for the truly intraabdominal testis. The internal speûnatic
vessels are easily divided. The orchidopexy can also be performed entirely
laparoscopically 6 months after the ligation of internal sperrratic vessels.

Laparoscopic varicocele ügation is well reported and appears to have a lower
recurrence rate than conventional open operation [31,32]. The indication for liga-
tion of adolescent varicoceles, however, remains unclear. There is some consensus

that laparoscopic varicocele ligation should only be performed in the pediatric
age group if it is accompanied by symptoms or if the testis is not growing.'Whether
a varicocele left untreated in a child will cause long-term damage is still not
established.

Laparoscopy for Pelvic Pathology

There is an increasing number of reports of the use of laparoscopy for the treatment
of pelvic and adnexal pathology [33-35], such as in the management of ovarian cysts,

gonadectomy, oopheropery, and even cystoprostatectomy for tumor. We have found
that the combination of laparoscopy, cystoscopy, and vaginoscopy offers much
greater diagnostic accuracy for the staging and evaluation of pelvic tumors than any
imaging modality.
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Publications from Laparoscopic workshops

Laparoscopic workshops remain a popular mode of learning laparoscopic surgery

among paediatric surgeons, and experience in the past few years from running

æurses suggests that it is necessary to teach basic principles, even to those

attending advanced workshoPs.

Aside from a curriculum which includes instruction on how to perform specific

laparoscopic procedures such a appendicectomy, safety and the correct ergonomics

is stressed.

These two articles are from course manuals which are compiled by myself for various

workshops I attend as faculty or course director. These are regularly updated if I

come across a new complication or "trick of the trade" in the literature.
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Gomplications of Laparoscopic

SurgerY

The true incidence of complications in paediatric
laparoscopy is largely unknown as meaningful
statistics are only becoming available. Gans in
1973 reported S00 cases of laparoscopy in
children without complications. There is no
doubt however, that as the prectice of
endoscopic surgery becomes more common
that complications øll occur. ln this section the
potential complications of laparoscopic surgery,
their management and prevention, ate
discussed. The best management of
complications is prevention, and this section will
also dwell on this.

lncidencE
Data from several large centers shows minor
and major complication rates ranging from 1 to 4
percent, and 0.3 to 2.8 percent, respectively. A
review of over 20,000 cases from collected
series from 1951 through 1968 revealed a
mortality rate of about 1:1000 cases or O.11".
Several recent reviews showed a decrease of up
to 20 fold with mortality rates ranging from 0.5 to
2 per 10,000 cases. These however are all adult
gynecological laparoscopy, which is largely
diagnostic and confined to the simplest
operative procedures.

Complex laparoscopic procedures such as
nephrectomy, fundoplications etc. have a
potential for serious complications, and special
considerations have also to be applied to
children.

Kavoussi et al. assessed intraoperative and
postoperative complications in the inilial 372
patients undergoing laparoscopic pelvic lymph
node dissection at 8 medical centers in North
America in 1993. in 16 patients (O.4Vo),

laparoscopic node dissection could not be
completed due to local anatomical or technical
difficulties. Fou¡'teen of these aborted
procedures occured duing the initial I
drbsectlons at each institution.

A total of 55 (15%) complications occurred, 14
noted intraoperatively and 41 in the
postoperative period. These complications
includad: vascularinjury (11), viscus injury (8),
genito-urinary problems (10), functional I
mechanical bowel obstruction (7), lower
extremity deep venous thrombosis (5), infection
/ wound problens (5), lymph oedema (5),
anaesthelic complications (2) and obturator
nerve palsy (2). thirteen of these patients
required open surgical intervention for the
lreatment of complications.

Peters in a nationwide queslionnaire to 251
Paediatric Urologist in North America in 1996
received a response from 153 urologists. Ol

those responding, 75% reported having
performed diagnostic or therapeutic
laparoscopy but the average case load was only
19 cases per year. Complications were reported
in 6% of cases, and by far the commonest
complication was exrtra-peritoneal insufflation.
The Veress needle usage was associated with
significantly greater complication rate, and if
preperitoneal insufflation was excluded from
the calculations, the complication rate fell to
1.18Vo.

The strongest predictor of laparoscopic
complication rate is the experience of the
practitioner. When fewer than 20 cases were
performed, the complication rate was 8.3%. ln
contrast, those that had performed more than
100 cases reported a complication rate of only
2.8%. Most of the major complications occur
during the leaming curue eilher in the form of
inability to complete the operation, or visceral
injuries. There is clearly no substitute for
experience. A survey by Leo Phillips et al. in
1993 found a four times greater incidence of
complications in laparoscopic surgeons who had
performed fewer than 100 procedures, when
compared with experienced laparoscopists,
confirming Craig Peter's finding.

The most dangerous period for the patient
therefore, is during the surgeons leaming curve.

Under experts hands, laparoscopy is safe.
Martine, Demarche et al. in Liege, Belgium (one
of the leading centers in Europe) reports a
mortality rate o10.1% and morbidity o12oloduring
the 4 year period from June 1st 1988 to June
30rh 1992.

Hy percarbia
CO2 insufflation results in hypercaÉia through
absorption and reduced tidal volume due to
splinting of the diaphragm. lt is essentialthat all
patients are closely monitored, not only for the
normal cardio-respiratory parameters but also
for end tidal CO2. The fact that young children
rely on diaphragmatic breathing more than
intercostal breathing increases their liability to
this risk, and increasing the insutflation
pressure to 1OmmHg in a neonate will
compromise the tidal volume by 30%. There is
usually an immediate rise in end lidal CQ2 by
1OmmHg from diaphragmatic splinting, and a
second rise in level of end tidal CO2 about 20
minutes into laparoscopy. This presumably is
due to absorption of CO2 from the peritoneum.
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Cardiac Arrhythm¡as
Anhythmias, including sinus bradycardia, AV
dissociation, and nodal rhythms have been
attributed to a vagal response sec,ondary to
abdominal dislention and peritoneal initation. A
recent prospective study found a 14 percent
incidence of anhythmias during laparoscopy in
adults. Atropine prior to insufflation may
decrease the thEse vagal reactions. This risk
may be related to too rapid an insufflation rate.
One of our patient developed supra-ventricular
tachycardia whicl reverted spontaneously with
hyperventilation.

When anhythmias occur, the abdomen should
be desufllated and the patient hyperventilated.
Drug therapy should be administered as
indicated.

Note lhat most many high flow insufflators have
a default setting of l Lfnin. This default setting
may be excessive in infants who may have a
total abdominal volume of only 500ml unlike an
adult abdomen which can accommodate 5L of
COz. lt is important that you chose an
insutflator with a low default setting of
lOOmlfnin. High llow is not so important in
paediatrics.

Reduction ln Tidal Volume
Mask anaesfhesi'þ lb completely inapproplate
for paediatric applications. Several deaths have
been attributed to using mask anaesthesia.
Endotracheal anaesthesia with paralysis and
positive pressure ventilation are mandatory in
paediatric laparoscopy even for short
procedures. Mask anaeslhesia may also cause
gastric distention, increasing the risk of trocar
psrforation or aspiralion pneumonia.

Avoid Nitrous Oxide in infants, as this leads to
gaseous distention of the bowel and can
conpromise an already small abdominal cavity,
making laparoscopy diflicult.

lncreasing intra-abdominal pressure beyond
10mm in an infant will increase splinting of the
diaphragm and restr¡ct ventilation. To avoid
complications the insutflator should be checked
before each operation; the intra-abdominal
pressure should be set at 1OmmHg in an infant
under 10K9, and 12 to 15 mmflg in the older
children.

Complications of Pneumoper¡toneum
lnability to create a pneurþperitoneum is
responsible for more failed procedures than any
other cause. Most adult laparoscopists use the
Veress needle technique to create the
pneumoperitoneum. This blind technique has
great potential for disastrous ænsequences in
paediatrics surgery particular in infants and
young children, andshould be avoided .

Anaesthetic Complications
Anaesthetic-related complicalions have been a
major cause of mortality in gynaecological
laparoscopic surgery. lt ¡s imPortant for the
anaesthetist to continuously monitor the patient

in orderto quickly recognise and treat problems
as they arise. Careful positioning of the patient
and padding, is required to avoid potential
orthopaedic injuries or nerve palsies, although I

suspect the incidence of nerve palsies will be
somewhat less in children.

Potential complications reported in general
anaesthesia for laparoscopic surgery include
hypothermia, hypotension, esophageal
intubation, gastro.oesophageal reflux,
bronchospasm and narcotic overdose. A study
from the Centre for Disease Control suggests
that anaesthetic complications may account for
approximately one third of the few deaths
associated with laparoscopic tubal ligation.

There are several specific anaesthetic
conoems pertaining to laparoscopy and each
will be discussed.

Hypothermia
Paediatric patients are especially at risk îrom
high flow insufflation. Because of the relatively
small body mass, high flow insutflation will
dissipate body heat rapidly as the temperature
of the Carbon Dioxide leaving the insutflator is
2Oo C€lsius or less. lt is best to keep gas flow
rates low by minimising gas leaks from your
instrument ports and port siles. The commonest
cause of excessive gas leaks ar€ wom washers
or opened taps. Regular maintenance checks on
allequipment especially taps and washers will
minimise gas leaks.

Wrap the extremities of babies with cotton wool
to minimise heat loss, use a warm€r, avoid high
flow and keep your paliont dry.

Positioning the Patient
The position of the patient can impair ventilation
or even increase the risk of aspiration. For
example, positioning the patient into a steep
Trendelenburg position increases the risk of
aspiration and it may be necessary to insert a
naso gastric tube to prevent this.

lf you need to use image intensifier intra-
operatively, check that the 'C" arm of your ll can
be positioned under the area you wish to image,
and that the warmer does not interfere with your
imaging. lt is bestto run s spot check with the ll
before accepting the final patient position.

Vereso needle
The Veress needle is dangerous fo use ln
children. The water drop tests etc. sued to
confirm conect Veress needle placement are
not necessarily reliable because of the laxity of
the peritoneal attachment to the overlying
abdominal musculature. Pressure monitoring
likewise during insutflation is not a reliable
indicator that you are in the abdomen, because
extraperitoneal insutflation will strip the
peritoneum ofi ils abdominal wall attachment
with great ease in young infants.
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Open laparoscopy was introduced by Hasson in
1971 and involves placing the primary cannula
through a "mini-laparotomy" incision. A blunt-
tipped trocar and cannula is inserted under
direc't vision to avcid inadvertent visceral or
vascular injury. This is our recommended
technique lor laparoscopic access to the
peritoneal cavity in children.

The Hasson open laparoscopy method is not
without its complications, the most serious
complication being inadvertent bowel perforation
lrom adherent underlying bowel due to previous
surgery. While it is the usual practice to use the
umbilicus as the portal of entry, th,s is not the
only pott. I have often introducsd the Hasson
cannula at a site well away lrom previous
surgical scars to avoid this complication.

Surgical Emphysema
Surgical emphysema in mostly due to inconect
(extraperitoneal) placement of the Veress
needle, and avoidable by the Hasson method. lt
is readily detecfed as crepitus over the
abdominal wall. No specific intervention is
required, as it resolves quickly once lhe
pneumoperitoneum is discontinued.

Localised emph¡æema is harmless. However, it
is important to recognise that extensive
subcutaneous emphysema may lead to
pneumothorax, pneumo-mediastinum, and
hypercarbia.

Tension Pneumothorax
Tension pneumothorax may arise in a number of
ways. Extension of surgical emphysema into
the rnediaslinum has already been discussed.
The panetal pleura is particularly at risk while
dissecting the hiatus during laparoscopic
fundoplication. lf the parietal pleura is
breached, tension pneumothorax will rapidly
onsue.

Transabdominal rnediastinum surgery can also
cause peribronchial trackíng ol lhe CO2 and
pneumopericardium, and it is best to reduc€
insutflation pressures when dissec{ing the
mediastinum via the abdominal route.

Undetected small diaphragmatic defects or
weakness can lead to tension pneumothorax.
lncreased intra-abdominal pressure can also
result in direct passage of gas along the great
vessels hiatus into the mediastinum.

lnsutflator malfunction, or prolonged high intra-
abdominal pressure, may also lead to tension
pneumothorax. This causes decreasEd venous
retum due to caval compression and can result
in a decrease in cardiac output.

The laparoscopic procedure should be
discontinued if crepitus is detected extending
upthe chest wall into the neck. Subcutaneous
emphysema of the neck, face and cfiest wall,
should also raise immediate ooncem that there
may be a pneumothorax or pneumo-
mediastinum, and a cìest Xray should be

24lh Annual
lndian Assochllof, d

obtained immediately, as it can be life
threatening. Similarly, if the anaesthetist
expresses conc€rn about increasing difficulties
with ventilation, pneumothorax should b€
suspecled.

lf tension pneurnothorax develops, the
procedure should be abandoned and the
abdornen desufflated. The pneumothorax can
be evacuated with a 16 gauge needle or a chest
tub€. Because the child will be intubated
already, this should be all that is required. A
pneumo-rnediastinum can usually be rnanaged
conservatively with close observation.

Gas Embolism
Gas embolism is an infrequent but disastrous
complication of laparoscopic surgery. Many of
the aady reported fatalities occuned with air.
The mucfr great solubility ol CO2 has rnade it the
insufflation agent ol cfroice today.
Nevertheless, carbon dioxide embolism can still
occur-

Fatal gas enùoli have been confirmed by
radiologic end pathologic examination in a
numberof reports, and have been suspected as
the cause of fatality in a large number of cases.
The reported incidence in the gynaecological
literature is small, but 1.7o/o of laparoscopic
surgeons in a large survey have reported lirst
hand experience.

The most likely cause is unrecognised
placement of the Veress needle into a rnajor
vessel, although inadvertent small perforations
in veins have also been reported as a cause of
gas embolism, especially when high insutllation
pfessures are used.

The diagnosis of a gas embolism rnay be ditficult
as there is often no waming prior lo sudden
cardiovascularcollapse. A uMillwheel" murmur
over the pericardium has been classically
described. Deep cyanosis of the hand and
neck, consistent w¡th inflow obstruction to the
right heart, supports the diagnosis of gas
embolus. lntra-operative end-tidal æ2
monitoring will detect early embolism, as an
abrupt decteasc in mEasured @2 may be
indicative of a gas embolus.

lf gas embolism is suspected, insufflation
should b€ discontinued and the abdomen
deflated immediately. The patient should be
tumed onto the left lateral decubitus position
with the head down, to allow the gas to rise to
the apex of the right ventricle and retard entry
into the pulmonary artery. Cardiopulmonary
resuscitation should be instituted and a Central
venous line placed to attempt aspiration of gas.
Other successful treatment ol gas embolism
include the use ol hyperbaric oxygen, direct
aspiration of lhe gas through a percutaneously
inserted aspiration needle, and cardiopulmonary
bypass (ECMO).
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It must be emphasized that rnosf ceses of fatal
gas emboliant have bean reported with incoîect
Verass neadle placemenl. As this is
preventable by the open Hasson lechnique, vre

cannot recommend the use of Veress needles in
paediatric laparoscopic surgery.

Carbon Dioxide is a soluble gas, and a normal
adult can tolerate a direct injection of about
¿looml of CO2 directly into the intravascular
space. Even though there are high flow
insuftlators available, insufflation should always
be comnenced at low volumes i.e. no more than
40OmLtnin in an adult, and corespondingly less
ln a cfrild especially if a blind Veress needle is
used, otherwise you may be faced with an
inetrievable situation should intravascular
insufflation occur.

Many hþh flow insufflato¡s have a minimal
default setling of lLfnin and can be potentially
dangerous lor use in children. I stress again
the importance ol choosing an insutllator with a
low default sett¡ng of 1O0mlfnin. Newer
insufflators are available with an in built heater
which could minimise heat loss in children.

The overall incidence of penelrating injury
(Veress needle and trocar) is reported as 2.7 Per
1,000 patients, but a recent survey found that
nearly one-quarter of gynaecologists had
experienced at least one case of Veress needle
or trocar injury, wittt half of these requiring
laparotomy.

Of 104 Laparoscopic related complications
reported in adults in one year in an Australian
state-wide Eun€y, it is noteworthy that
approximately 7O/" ol visceral injuries were
caused by blind Veress needle inserlion alone.
Blind Veress needle and blind trocar insertion
combined are responsible for about 90% of
visceral trauma.

Paediatric Gomplications
Moore & Peters reported 1O4 cases oi
laparoscopy for undescended testes and found
the procedure non diagnostic in 8olo due to
êxtraperitoneal insufflation. Cunie in a smaller
group of pat¡ents undergoing diagnostic
laparoscopy for undescended testes reported a
10% íncidence of extra-peritoneal insutllat¡on!
They were lucky that they missed a major
vessel. Schier rêported 3 cases of major vessel
injuries in 150 patients undergoing laparoscopic
appendicectomy.

All e)dra-poritoneal insufflation reported in this
series have all occuned with the use of the
Veress needle. The Veress needle is a
potentially dangerous technique and should be
avoided in ciildren as the most serious
complications occur lrom the use of blind
punclure techniques. The fact that the distance
between lhe abdominal wall and the major
vessels is barely 1 cm, together with the fact
that the peritoneum in infants tends lo strip otf
the anterior abdominal wall makes the insertion

of a Veress needle potentially hazardous in a
child.

Avoiding Trocar compllcatlone
Several steps should be taken to assure
complication-free trocar insertion, the most
important of which is to always observe the
trocars going in on thè inside via the
endocamera. Even so, it is still possible to
perîorate intemal viscera with lhe sudden loss
of resistance when the trocar passes through
the muscular layers, the so called OOPS factor!
An added precaution to prevent this injury is to
place the index finger on the shatt of the
cannula as a guard, to prevent over penetration
when the abdominal wall gives way.

The method of trocar insertion recommended for
infant Laparoscopy will be demonstrated, and
briefly involves creating a tract with a stab
incision, and dilatation with a pair of mosquito
lorceps, so that the trocar can be inserted with
minimum force.

Some paediatric laparoscopists advocate an
even lower insutflation pr€ssure than our cunenl
recommendation, but this creates ditficulties
with trocar insertion because of increased
compliance of the abdominal wall to an
advancing trocar. Sharp trocars will reduce the
force necessary to penetrate the abdominal wall
and is saferto us€ except in neonales because
of the close proximity of viscera to the anlerior
abdominalwall.

Disposable Trocars
Disposable trocars have the added benefit of a
salety shield which advances over the trocar
once it has passed through the peritoneum.
Nezhat recently compared disposable and
standard reusable trocars, and found a
significantly lower complication rate with
disposable trocars. A study by Corson and
associates demonstrated that disposable
lrocars required only one-half the force of
introduction when compared to a regularly
sharpened, re-usable trocar. Even so,
penetrating injuries have been reported with
safety shielded disposable trocars so they are
not fool proof. They laxity of peritoneal
atlachment can also cause the safety shield to
engage between the deepest layers of the
abdominal wall and parietal peritoneum itsell.

Bleeding
Bleeding has potentially serious consequenc€s
especially in paediatric laparoscopic surgery
because of lhe much smaller blood volume, and
brisk bleeding must bè controlled quickly. Eood
is also a very etfective absorber of light in the
peritoneal cavity. Much ol the illumination in
body cavities depends on reflected l¡ght from
the sunounding viscera, and bleeding will very
quickly results in loss of illumination from
absorption of reflected light. This is especially
so when one is using small telescopes, as light
transmission is already limited by the smaller
numbers of light carrying opt¡cal fibres.
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lnjury to the inferior epigastric vessels is fhe
most commonly injury reported with trocar
punctur€s in the lower abdomen. The absenca
of a Posterior Bectus Sheath in the lower
aMomen does not allow any tamponade to
oocur, and bleeding will cont¡nue unless
physically controlled. The inferior epigastric
vessels however, are very easily identifiable as
it funs along the peritoneum. lt is best identilied
at its origin from the extemal lliac vessels at the
lntemal lnguinal dng. always indent the
overlying skin wilh a pair of mosqu¡to forceps
before inserting a trocar while watching the
peritoneum to ensure that there are no major
vessels imrnediately beneath the puncture site.

One should also make a habit of
transilluminating the abdomen before puncturing
the chosen site to ensure that there are no large
sub-culaneous vessels. Simple measures like
these will minimise the risk of bleeding,

Cont¡ol of abdominal wall bleeding
ln inspite of these rneasures, when bleeding
occurs, the following measures should be taken.

Tamponade
Minor bleeding can be controlled by inserting a
larger cannula. Unless it is a major vessel
bleed, this willtamponade the bleading allowing
you to continue with the operation. lf this fails,
insert a large Foley's catheter through the trocar
site, inllate the balloon and apply firm traction
and clamp the catheter against the abdominal
¡vall with a artery forceps which will maintain the
traction and tamponade. The Foley can be lett in
place for several hours.

Full thickness abdomlnal wall suture
Bleeding can also be c-onlrollêd by passing a
suture on a long straight needle through the full
thickness of the abdominal wall, to one side of
the bleeding vessel, passing it out on the oth€r
side, and ligating the vessel. You can form a
figure I using this technique.

lf all else fails, it will be necessary to perlorm an
nopenu operation to control bleeding. However, if
the necessary preventative measures are taken
as suggested in this section, then the risk of
bleeding from the puncture site should be low.

Major vessel iniury
ln the unfortunate circumstance of a maior

aorta, common iliac
a, do not rcmove the
car will only result in

catastrophic bleeding due to loss of tamponade,
and you will not be able to identity the puncture
site. lt is best to leave lhe trocar in situ and
proceed to immediate laparotomy. You should
then be able to follow the trocar to the site of

and
the
the
the

damaged vessel.

Always be suspicious of major vessel iniury if
the retro-peritoneum if breached, and inspect
the area from time to time for evidence of an
expanding haematoma. Surgical exploration is
mandatory if one sees an exPanding
haematoma.

Again, it must be stressed that most major
vascular injuries are caused lhrough blind
Veress needle or trocar punctures and are
avoidable with the Hasson technique and by
monitoring each trocar as it is inserted.

Visceral bleeding
This can be difficult to control, and like most
complications of laparoscopic surgery, is
avoidable. Electrocoagulation will work with
small bleeders. Altematively, one can use an
endoclip to control active bleeding.

However, one must always be aware of the
sunounding anatomy. Diathermy control of
bleeding may lead to unrecognised injury to the
ureter or bowel, and the use of clips to control
bleeding is a common way for common bile duct
or hêpatic artery injury to occllr in
cholecystectomy.

One can also place an "9xtra-corporeal" loop
around the vessel, but be careful that the vessel
is not avulsed in the process by pulling too hard
on the loop during tightening.

Electrosurgical complications
Extensive use is made today of
electrocoagulation in modem laparoscopic
surgery, even though the early laparoscopic
literature does not advocate this. However, the
fact that it is a highly efficient and haemostatic
tool of modem surgery means that it will
continue to have widespread laparoscopic
applications. lt ¡s therefore very important to
understand how electrocoagulation works and
how it can cause unrecognised damage, as
there are now increasing numbers of potentially
lalal complications of electrocoagulation being
reported in the literature.

All modem diathermy machines have better
control of output and built-in features to avoid
retum elecrode faults which makes them safer.
However, it is still possible to produce
complications sometimes through obscure
mechanisms, and it is therefore impoftant to be
aware of the complications which can arise from
its use.

Electrosurgical i.e. bums, can occur at three
sites, namely the active site (the active
electrode), allemative sites, e.9.. ECG leads,
st¡rrups, or at the retum plate. Most modem
electrosurgical units employing retum electrode
monitoring (REM) circuits have all but eliminated
the risks of accidentally bums at alternative
sites øth the exception of one situation, and
this is if a towel clip is clipped inadvertently
through the active electrode and attached to
skin.
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Eleclrosurgiæl complications in laparoscopic
surgery are most likely to occur with monopolar
diatharmy, and bums rnay ocanr in areas
outside of the viewing field, by mechanisms not
fully understood. These will be discussed in
some detail later.

Active electrode burns
Direct inadvertent bums can occur in one of
several ways: leaving the electrode in the body
cavity while peñorming other tasks, or the
elec-trode slipping durin g electrocoagulation and
buming some adjacent viscera while the cunenl
is stillflowing.

It ¡s therefore vsry important to remove the
electrode from the body cavity after using avery
tirne and to replace it in the insulating sheath in
case someone accidentally steps on the
diathermy control.

The Monopolar hook
This is a very good instrument for dissecting
tissue planes, and the typical action is to hook
tissue towards the surgeon while coagulating.
This allows practically bloodless division of the
intervening tissue. lf however the hook
suddenly gives through loss of resistance, (as it
usually does when it has divided the intervening
tissue) it is very easy for it to impinge on a
neighbouring viscus such as bladder or bolvel
and cause an unrecognised perforation.

The monopolar hook should be used carefully
and judiciously, e.9.. never hook towards a
major vessel. Always be aware of sunounding
anatomy, €.9.. vas, ureter and gonadal vessels
in the paracolic gutter. A cardinal rule is that the
diathermy tip should always be in full view when
in use, well exposed and away from any metal
cannula.

Remember that the cunent will also coagulate
the base of any tubular struclure if it is the only
retum path available. For example, holding the
appendix up by its tip, to cut through the
mesoappendix, may result in inadvertent bums
to the base ofthe appendix, because the retum
current is concentrat€d at this point.

Vessels embedded in fatty tissue, such as
mesentery, will retrast into the fat and be
ditficult to localise, if they are cxrt before you
have coagulated them. The best technique to
use for monopolar diathermy is to place
sufficient countgr trastion between the tissues
being diathermied. As in oPen surgery,
sufficient counter traction is the key to
developing tissue planes.

Bemote bums can also occur by less obvious
mechanisms and these can be classified into
three types: insulation failure, direct coupling
and capacitive coupling.

lnsulation Failure
The insulation may be damaged for a varigty of
reasons. ll the insulation defect is small, it may
be unnoticed and even a minute defect can lead

to burns. A typical situation where bums may go
unnoticed is if the defect is within a metal
cannula, allowing cr¡nent to leak from the defect
to virtually any tissue, or the abdominal wall, and
cause an unrecognised bum.

Direct Goupllng
Another method of producing accidental bums is
if the active electrode touches another
uninsulated metal instrument, including the
endoscope. Bums occuning via this route will
occur outside the view of the surgeon, but if the
cannula is all metal, the bum will be dissipated to
the abdominal wall at the punclure site.

It is also possible for burns to occur by "direct
coupling' if a metal cannula is not withdrawn
sutficiently to expose the tip and lhe insulation,
as the high voltage cunent has the capac¡ty to
jump across to the metal cannula to caus€
burns.

Capacitive coupling
Any radio frequency cunent flowing through a
conductor will induce stray cunents in nearby
conduclors, and this etfect is termed
"capacitive coupling". A capacitor is two
conductors separated by an insulator.

ln laparoscopic surgery, it is easy to create a
capacitor using lhe active electrode as one
conductor, and a nearby metal cannula or
grasper as the second eleclrode. ll one
conductor canies a charge, an aqual and
opposite charge is induced across the insulator
to the second conductor, which in this case
would be lhe nearby mEtal inslrument. This
phenomenon occurs frequently in
electrosurgical cautery. Under certain
conditions, these stray cun€nts can cause
bums typically outside of the viewing area of the
endoscopist.

These sûay cunents are maximal if the active
electrode is energized on an open circuit, i.e..
when the tip is not in contract with tissue and full
power may be deliverad through the second
unintentional electrode even though it is not in
direct contact with th€ active electrode. When
the active electrode is in contact with tissue
however, the ¡nduced slray cunent is markedly
reduced but not completely eliminated. Hencc it
is not sale to ad¡vâte the aclive eleclrode
unless it is in diract clntact with tissue.

Bipolar Dlathermy
Bipolar diathermy is by far the safest method of
achieving haemostasis but sutfers lrom the fact
that one often has to interchange the bipolar
forceps with a pair of endoshears to cut through
tissue. However as recently designed pair of
forceps is able to coagulate and cut at the same
time and willmake Bipolar diathermy much more
easy to use.
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Vieceral lnjuries
Other visceral iniuries such as bowel
perloration, injury to the urinary tract, or darnage
to tha vas have all been reported. Most of these
iniuries are preventable.

Bowel injury
Ebwel injuries occur most commonly with blind
punctures, but have also been reported from
diathermy bums and the use of laser. The risk is
increased in patients with previous open
su€ery, where bowel may be adherent to the
under surface of previous abdominal incisions.
Many paediatric exploratory laparotomy
incisions a(e transverse supra-umbilical
incisions so special care has to be taken w¡th
the Hasson technique of introducing trocers.

It may sometimes be n€cessary to enlarge the
Hasson incision sutficiently to insert a linger,
and sweep adhesions aside or altematively, to
make a mini-incision well away from the site ol
previous surgery.

Diathermy bums rnay be more extensive than
their supelicial appearances. Minor bums or
lacerations may be managed conservatively.
Small perlorations may be oversewn, but larger
ones probably require open surgery, although
with endostapling techniques it is technically
feasible to resest and reanas{omose bowel
entirely laparoscopically.

Wheless rêported on bowel injury in 33 patients.
ln the first six cases in which a bum was seen
endoscopically, a peloration was identified in
only two patients at open laparotomy. The next
27 were all rnanaged completely conservatively
and none required laparotomy subsequently.

Bowel injuries are otten unrecognised at the
tirre. However, the appearance of suc€us
entericus or a faeculant odour should al€rt one
to this possibility if this occurs during
laparoscopy.

Unrecognised bowel perforations present three
to seven days postoperatively with abdominal
pain, pyrexia, and ileus. However, it can be
difticult to eliminate the possibility of bowel
injury in patients recovering from severe
appendicitis when the appendices has been
removed laparoscopically, but failure to respond
1o antibiotics, or deterioration ¡n clinical signs,
would indicate on-going mischief.

Urinary tract ¡n¡ury
Bladder and ureteral injuries have been reported
mostly with pelvic surgery. However, there is a
greater risk of bladder injury in children because
the bladder is an intra-abdominal organ.
Emptying the bladder before laparoscopy will
reduce this risk. Be aware that the Urachus is
prominent in infants, and its extension to th€
umbilical cicatrix could still be patent. lnfra-
umbilical cannula placement, even with the
bladder emptied, could therefore still lead to
bladder injury. The best way of avoiding this is

to watch the tip ol the lrocar during insertion into
suprapubic sites.

Small defects from Veress needle punctures
may be managed conservatively with urinary
catheter drainage, but large injuries should be
oversewn laparoscopically. A urinary catheter
should be inserted for postoperative drainage.

Ureteral injuries
These are often unrecognised and may present
as an acute abdomen or urinary ascites. lf the
injury is identified intraoperatively, it can be
repaired. Small defects can be managed with
stenting.

Unrecognised ureteral injury presenting in the
postoperative period require intravenous
urography to confirm the diagnosis. These can
be managed with a retrograde insertion of a
double pigtail catheter, but if this is ditficult, a
percutaneous nephrostomy should be
performed to allow the situation to resolve. A
nephrostogram can then be performed at a later
stage to assess the full extent of ureteral injury,
and an antegrade double pigtail catheter can still
be inserted to stent the ureter. Often, proximal
drainage is allthat is required.

Ventral Hernia
VEntral hemias have been reported particularly
with the use of a large trocar and cannula. We
have always closed the 10mm trocar with a
purse string suture to prevent this; small
secondary cannula sitqs can be safely opposed
with steristrips closure. A new suturing devise
to close trocar sites is now available.

Postoperative umbilical hemias have been
reported, especially in premature infants lf the
cannula is inserted through the umbilical
cicatrix. lt is lor this reason that we recommend
making the Hasson is insErled in the Linea Alba.

Other hidden dangers
There is a considerable amount of nêw
technology appearing on the laparoscopic
soene, and one must approach the introduction
of some of these technology with some caution.

Lasers
While lasers may be useful in Laparoscopic
surgery several deaths have been reported
recsntly from the use of Laser and most of
theses deaths have been due to user error. lt i6

important to realize that some Lasers require a
backstop, while some require a large volume of a
cooling gas such as Nitrogen which in itsell can
cause problenrs when insutflated into a small
abdominal cavity.

Argon Beam Goagulator
The Aqon Eleam Coagulator or AEIC likewise
also sutfers from the need to pump a large
volume ol Argon into the abdomen for it to be
effective. This can cause a marked increase in
the intra-abdominal pmssure and is thErelore
largely unsuitable for use in children,
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Gonclusione
It is clear that most complications are
preventable by a better understanding of the
capabilities and limitations of your equipment,
and also of the capabilities and limitations ol
yoursell.

Vascular and visceral injuries are largely
preventable by using the Hasson technique for
introducing the primary trocar and cannula, and
by directly viewing the introduction of all
secondary trocars.

Mosf of the major complications also occur
duing the leaming curve. Remember that most
paediatric open operations have such a low
morbidity that it is difficult lo justify the
introduction an altemative technique which
might be seen to be unsafe, or one that causes
too many complications during its introduction.
it is best to begin with simple diagnostic
procedures until you are completely familiar with
the technique and equipment before perlorming
sorne of the more complex procedures which will
be demonstrated at this workshop.

TIPS ON SAFE LAPAROSCOPY

Check all inslrumentation, video
equipment, gas supply, diathermy etc.
before starting operation.

Start with simple procedures.

Convert to open procedure if unsure. lt
is no shame to convert.

Keep patient warm.

Always use Hasson technique.

Always introduce secondary trocars
under direct visual endoscopy.

Avoid insutllators with high default
settings.

Do no open jaws of instrument blindly
within any body cavities unless you
can visualize the tip.

Avoid monopolar diathermy unless you
are well aware of lhe risks of capacitive
coupling and have taken measures to
avoid them.

10. Only use lasers with appropriate
backstops etc.

2.

3.

4.

5.

6.

7

I

I
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THE ERGONOMICS OF LAPAROSCOPIC SURGERY

Hock Lim Tan

Ergonomics is the study of people at work or in other structured activities. lt is

applied to equipment design, environment, the design of user friendly

computers etc.., and has an important role in laparoscopic surgery. lt is very

important to understand the ergonomics of laparoscopy because unlike

conventional surgery, laparoscopic surgery is not intuitive' The general

principles used in open surgery in relation to patient positioning, exposure

and the floor plan (position of the surgeon, assistant and scrub nurse), may

be completety inappropriate when applied to laparoscopic surgery.

Understanding laparoscopic ergonomics therefore makes for easier surgery.

Eye hand coordination & Paradoxical movement

Laparoscopic instruments have to be inserted through an instrument port and

work around a fulcrum. Hence instruments moved in one direction by the

surgeon will be seen to move in the opposite direction both horizontally and

vertically. This is first order paradoxical movement and one can get used to

this in a few minutes, as it is no different from rowing a boat. This however

only applies in the situation where the endo camera is pointing straight

ahead, and the video monitor is placed dircctly in front of the surgeon.

lf on the other hand, the endocamera is pointing towards to surgeon, a left to

right movement by the surgeon will also be seen as a lefi to right movement

on the video monítor i.e. the sideways movements is nof paradoxical and yet

the vertical movement continues to be. ln other words, the horizontal axis is

now reversed, and a second degree of paradox is introduced, and much like

driving using the rear view mirror, many simple tasks then become much

more difficult and sometimes impossible if this second order paradox is

introduced into laparoscopic surgery'
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This problem of displaced visual coordination has been studied by Kohler in

1939 where he and other experimental subjects wore reversing prisms on

spectacles for days or weeks at a time' They reported "days or weeks were

spent in correcting movements disturbed by the reversal, Some of which were

incorrectly repeated hundreds of times." ln cases where left and right were

reversed, someone trying to walk along a straight path would lurch from side

to side like a drunk.

Most surgeons intuitively recognise this and place themselves in an optimum

position, so that they are correctly aligned with the camera and video' This is

however, nof the case commonly with regards to placement of the assistants,

as it is quite a common practice to position the assistant or scrub nurse

opposite the surgeon, working against the camera with a second video

monitor placed directly in front of these assistants' They are now forced to

work in second order paradoxical movement '

Typtcal Layouts for laparoscoplc nephrectomy

Ergonomic Non Ergonomic

ra di

Video
Surgeon

Note: Surgeon, Assistant and

Nurse are all in correct line of Vision

in relation to Endocamera.
All are in 1st order Paradox
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It is quite common to see an assistant positioned opposite the surgeon as

illustrated in the right side figure. This is nof ergonomic because they are now

working in second order paradox i.e. working against the camera. The only

way the assistant and oR nurse in the picture on the right can control

instruments is by deliberately thinking about their movements each time' This

can be a potentially dangerous situation particularly if quick or fine movements

are required e.g. in controlling bleeding or endosuturing. lt is impossible to

suture let alone cut a suture in this position'

Ergonomic rules:

Surgeon assisfanf and scrub nurse must be on the same side

The video monitor must be straight ahead, and camera pointing towards to

monítor.

Never use more than one video monitor

Restriction on freedom of movement

There are six degrees of movement in conventional surgery, but laparoscopic

surgery only allows four degrees of movement i.e. lateral, vertical, in-out and

rotational (around the axis of the instruments). This places important

limitations on the ability to perform certain simple tasks such as seeing

around corners, and especially endosuturing'

seeing around corners is not possible but there are ways around this namely:

Angled scope. The 0 degree scope is best for most applications, but a 30o or

700 scope can be useful when one has to see around a comer. However,

remember that your perspective is changed yet again and some parallax error

can occur in Your movements.
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Endosuturing

One of the most challenging and difficult aspects of laparoscopic surgery is

endosuturing, but becomes easier if you to take into consideration the fact that

suturing has to be performed around a fulcrum, and the laparoscopic

instrumentation is always introduced at an oblique angle. This means that

holding the needle in the jaws of the needle driver at 90o may not be the best

position, and I prefer to hold the needle at 30o which is more ergonomic.

needle

lncorrect Correct

Most of us suture at open surgery by running along the line of the

anastomosis. lt is difficult even in conventional open to suture across this

line, and yet this is a common practice in laparoscopic surgery' The key to

laparoscopic suturing therefore is to consider the line of the anastomosis,

and fo ptace the suturíng port in a position which allows you to suture along

and not across the anastomotic tine . This is a simple and most frequently

broken rule, which if not adhered to makes for very difficult laparoscopic

suturing.

Lack of tactile feedback

Although there is lack of normal tactile feedback, there are many visual and

non visual cues that can alert one to the possibility of impending danger or

tiger country thus avoiding disasters arising from the "OOPS!" factor.
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Counter traction is probably the most important dissectíng technique in

laparoscopic surgery especially when using diathermy. Tissue tends to

contract towards a diathermy electrode and stick to it unless counter traction

is applied. This is potentially dangerous and can cause charring or

inadvertent perforation of adjacent structures. Maintaining adequate counter

traction at all times will assist in developing the tissue planes and prevent

this contraction of tissue towards the electrode. When using diathermy to

dissect a tissue plane, the electrode should always be directed away from

important structures in case of the OOPS/ factor.

Visual cues in laparoscopic surgery

Loss of stereoscopic vision results in reduction of several important visual

cues, particularly depth and spatial relationships. However, sometimes this

can be sacrificed in favour of magnification, and this is particularly true of

laparoscopic suturing, where with practice, one can be more precise with

suture placement than with conventional suturing using the naked eye.

The dynamic view achieved by moving your head from side to side to capture

the spatial relationship is lost in laparoscopic surgery, but several cues can

be used, and the one commonly used by most laparoscopic surgeons are:

Exploratory movements and touching organ with the instruments where

gentle prodding and circular movement will help identify the position of the

structure in relation to the instruments.

Gesfa/f ie.; Observe/s own mental picture of the anatomy is one of the most

important cues and can only come from experience. One must remember

that the laparoscopic perspective of anatomical relationship can be quite

different from your normal perspective at open surgery.
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Light intensity. The further away the organ is, the dimmer is the light.

Retative size: ie. the smaller it is, the further away the object. Do not

forget that the endoscope provides magnification when brought close to the

target organ, and this can often mislead one into thinking that a little blood

loss is catastrophic. Faced with such a situation, always pull the telescope

away from the operative field, as this gives you a truer perspective of the

degree of bleeding, the situation very often looking much less catastrophic

than when magnified by a close up look.

Detail perspective. The surface texture of the organ fades the further away'

By the same token, bringing the telescope close up to the object will allow

almost microscopic view of fine structures, and can facilitate fine

endosuturing.

Triangutation is an important principle in laparoscopic surgery, and the

angle of the operating instruments will give you an appreciation of the depth

of the structure.

The spatial relationship and triangulation is lost with each interchange of

instruments, and it is not uncommon for a laparoscopist to spend some

time after each instrument interchange to re-locate the instruments. This is

extremely time wasting.

Most surgeons withdraw the telescope to locate " lost instruments". lf your

telescope )s in front of your instrument ports, it stands to reason that it is

impossible to locate the instrument no matter how far you pull back on your

telescope.
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It is important therefore to try to keep your scope behind the instrument

ports at all time so that if you have to withdraw the telescope to locate the

instrument, the instrument port will be within your field of vision.

Gestatt is most useful. By remembering the spatial position of instruments,

and holding the instrument cannula in its correct spatial position during

interchange of instruments, the new instrument will follow the same path

and you will not have to keep searching for lost instruments. lt is important

when interchanging instruments to keep your eye on the Video monitor at all

times and let your assistant do the interchange, otherwise you may insert

the instrument too far and cause visceral damage.

Port placement

ln conventional surgery, all surgeons place our incisions as close to the

target organ as possible e.g. a RIF incision for open appendicectomy' No

one places an appendicectomy incision in the left upper quadrant of the

abdomen for obvious reasons. There is therefore a tendency in

laparoscopic surgery to position instrument ports close to the target organ

as well, þecause of our experience in open surgery.

Unlike freehand surgery however, consider that movement at laparoscopic

surgery is limited by the fulcrum at the abdominal wall which serves as the

point of entry for your instrument ports. Apart from restricting the degrees of

freedom of movements, there are several other important ergonomic

considerations:

lf your working port is too close to the target organ, your ability to manipulate

your instruments will be limited because there is less room to work, the

operative field being limited to a volume approximating a cone with the apex

7
24lh Annual Confet€ncê, lndlân

CoPYdgm
As6oc. ol Pa€dlalrþ Sulg€ons
H.L TAN

175



at the point of entry of your instrument port. Furthermore, if your instruments

are too Close to the organ, your exfe rnal movements are exaggerated, you

have to operate with your arms wide apart like an orchestral conductor and

this becomes tedioscoPic surgery!

Placing the instrument ports further away from the target organ allows more

room for movement. However if your instruments are too far away, then the

viscera may be out of reach and all internal movements will be amplified or

exaggerated making fine manipulation difficult'

It is best to place the instrument ports so that the fulcrum is approximately

half the working length of the laparoscopic instruments i.e. Half in, half out!.

Gravity and its role in endoscopic surgery

Gravrty can be your friend or foe. lf the patient is positioned correctly, the

viscera will retract away from your operative field and can be your friend'

However, if you position the patient such that the viscera flops into your

operating field this makes your surgical exposure difficult.

A simple example of this is that if you place a patient in Trendelenburg

position, the bowel can be retracted easily away from the pelvis, and this

makes for easy exposure to the pelvic organs in contrast to the opposite

direction which makes ¡t virtually impossible to gain adequate pelvic

exposure if the viscera can not be retracted out of the way.

However organ retraction is not the only consideration. Haemostasis is

important. lf the operation field is in the most dependent position, blood or

fluid will pool around your operative field. Should bleeding occur, it will also

be difficult to locate the bleeding site within a puddle of blood.
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Try to position the patient so that the viscera you are operating on is in an

elevated position so that blood and fluid will drain away giving you a better

chance to have a clean operating field, and better control of haemostasis.

Summary:

Ergonomics is the study of people at work or in other structured activities. lt

is applied to equipment design, environment, the design of user friendly

computers etc.., and has an important role in laparoscopic Surgery'

Adopting an ergonomic approach to laparoscopic surgery will remove much

of the frustration of laparoscopy. lt is also an integral part of designing a

new operation, and if these principles are adhered to, then one is more likely

to plan and get a new operation right at the beginning. Using these

principles, I have only had to make very minor modifications to port and

patient positioning for each new procedure that I have developed'
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The "TAN commandments!

Do not open and close instrument jaws within the body cavity unless it is in

direct view of the camera.

Be careful when drssecfing adherent structures or dífficult fissue planes.

Difficutt fissue planes ofren means no surgical plane, and trying to develop

this non existent plane could invite disasfer.

Be thoroughly familiar with the anatomy.

Sharp, haemostatic dissection is besf. Btunt drssecfion has little role in

laparoscopic surgery.

Like purchasing real estate, the three basic rules are position, position,

position that is:

patient position. This is especially critical if you have to pertorm intra-

operative X-rays. check that the c arm of the ímage íntensifier can be

position correctly when it is required and do a stat fitm to ensure that there is

not a radio-opaque metal bar, ECG button etc. right over where you want to

image.

surgeon' oosition ie: position yourself and assistants correctly

Pott position: position your instrument ports correctly

Atways check your hardware i.e. insufftator, tight source, video camera, video

recorder are in working order before you start oprating' There is nothing

more frustrating or dangerous than to find out that your light source is out of

order after the patientis anaesfhetized and draped'
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Conclusion

Thís thesis documents some of the progress made in paediatric endoscopic surgery through

my own clinical applications, basic research, and innovating new techniques. Unlike adult

general surgery, where the impact of laparoscopic cholecystectomy was explosive, the

progress and development of endoscopy has been more gradual and muted even though

paediatric surgeons have long been adept at perform diagnostic endoscopies particularly

cystoscopy, bronchoscopy and esophagoscopy to diagnose and manage simple intraluminal

pathology. Therapeutic advances in paediatric surgery has always been limited by the lack

of miniaturised equipment until recently and as a consequence, advances in paediatric

endoscopic surgery has been relatively late in comtng.

It is clear from this thesis that while significant advances have been made in the

management of many adult conditions such as renal calculi, much of the instrumentation

available to manage adult surgical conditions may not be suitable for paediatric patients with

unless significant modifications are made to the technique or equipment.

For example, while it is possible to use extracorporeal shock wave lithotripsy (ESWL) to

manage older children with renal calculi, there is significant risk of lung trauma unless the

lung is protected from the externally generated shock wave by wrapping the patient with

polystyrene foam.

Similarly, while one can use an adult nephroscope through a28Fr Amplatz sheath to perform

Percutaneous nephrolithotripsy, it is not without significant risk of bleeding and of splitting a

small kidney. lt is for these reasons that we evaluated the risks of these procedures in young

infants.

The areas that I have contributed to, and which are included in this thesis on paediatric

endoscopic surgery includes:

The refinement of paediatric endoscopic equipment.

Much of the instrumentation developed for adult endoscopy is too big and cumbersome for
use in children, and many modifications have had to be made to the equipment.

Modifications to the PCNL equipment, especially the adoption of an infant cystoscope for

nephroscopy has eliminated the use large of Amplatz sheaths. We now perform PCNL using

14 French Amplatz sheaths as opposed to our earlier experience with 28 French sheaths.
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Paediatric laparoscopic surgery likewise, began in a similar manner. There were no

paediatric laparoscopic instrumentation available right at the onset. lt was at my instigation

and persistence that we developed a new paediatric operative laparoscope set with Karl

Stoz, and this was accomplished not so much by asking the instrument makers to make a

completely new line of instruments. lnstead, it was achieved by adopting and adapting

existing technology. By scouring the complete Karl Stoz we successfully adopted and

adapted various pieces arthroscnpic, gynaecological and ENT equipment for paediatric

laparoscopy. An example of this is the adoption of a 4mm 0 degree arthroscope as an infant

laparoscope. Likewise the "Tan" endotome as used for pyloromyotomy for infantile

hypertrophic pyloric stenosis is a direct descendant of an arthroscopic knife!

New paediatric endoscopic operations

We have demonstrated that the laparoscopic bipolar'strip tease" technique as descrìbed for

appendicectomy can be developed as an extension of a novel open technique, but this

requires the production of an equivalent instrument such as a laparoscopic needle point

Adson's forceps now known as the "Tan" bipolar forceps.

It is relatively easy to justify performing procedures such as laparoscopic appendicectomy or

fundoplication in children when a precedence has already been set by the adult surgeons

who have demonstrated that these operations can be performed laparoscopically, and safely.

ln other words, it is easier to copy what has already been done in adult surgery and adapting

it to paediatric surgery than to invent a whole new operation. This is generally true of all kinds

of surgery whether it be adult general or paediatric surgery.

Developíng a completely new laparoscopic procedure, one which has not been performed by

anyone else however, is a completely different issue. A prime example of this is

laparoscopic pyloromyotomy for infantile hypertrophic pyloric stenosis.

It is not so easy to justify performing this operation laparoscopically when a simple and

effective operation already exists, particularly when experience with laparoscopy in the

neonate was so limited. The only way that these operations can be developed is to prove

that laparoscopic surgery æn be performed safely and with very minimal morbidity first.

Hence it is noteworthy that while my experience with paediatric endoscopic surgery dates

back to 1986 beginning with paediatric endourology, it had to take several more years before

I would even c¡nsider venturing into a laparoscopic pyloromyotomy, as it was necessary for

me to prove that I was a safe and skilled endoscopist.
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Even so, my report on laparoscopic pyloromyotomy was met with considerable scæpticism

when it was first presented and subsequently published, the usual comment being why

bother? lt is noteworthy however, that this initial resistance to laparoscopic pyloromyotomy

even from my other paediatric laparoscopic surgeons and trusted colleagues is now met with

enthusiasm. My colleagues, who were initially critical of this operation are now performing

this operation and are advocating laparoscopic pyloromyotomy as the operation of choice.

There is now evidence to demonstrate that this is as safe as, and may well be a superior

operation to open surgery.

ln the area of paediatric endourology we have demonstrated that procedures such a

percutaneous nephrolithotripsy can be performed safely in children. We have also reported

that percutaneous pyeloplasty or pyelolysis can be equally effective in children as in adults.

However, the demand for results that match the gold standard for UPJ obstruction i,e.

dismembered pyeloplasty means that it is improbable that endopyelotomy will gain

widespread acceptance as the treatment of choice for managing uretero-pelvic junction

obstruction, particularly when it has a steep leamrng curve.

On the issue of uretero-pelvic junction obstruction, we have demonstrated the ability to
perform laparoscopic Anderson-Hynes dismembered pyeloplasty with results approaching

that seen with open surgery. The criticism that it is too difficult an operation to perform and

that it takes too long has also been addressed. The technique developed of utilising a 'Hitch

stitch" to stabilise the renal pelvis in order to perform fine laparoscopic suturing has not only

reduced the time required for performing the operation, it has also considerably simplified

endoscopic suturing. Laparoscopic Anderson-Hynes dismembered pyeloplasty however, still

requires a very high level of skillto perform an adequate micro-anastomosis with 6/0 PDS.

Having evaluated all three methods of managing the uretero.pelvic junction, that is

endopyelotomy, retrograde radial balloon dilatation and laparoscopic dismembered

pyeloplasty, it is believed that that almost all cases of uretero-pelvic junclion obstruclion in

childhood can now be managed without open surgery. Only the very young babies present

with a management problem, as the only two failures in the group of patients undergoing

laparoscopic dismembered pyeloplasties were both operated on when they were three

months old. With improved retrograde balloons become available, it may be possible to

overcome problems in this group as well.
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We have demonstrated that complex procedures including laparoscopic adhesiolysis, cysto-

prostatectomy and dismembered pyeloplasty can now be performed with safety in young

children

The future of paediatric endosurgery

There is no doubt that paediatric endosurgery is here to stay as an increasing number of

institutions and authors report that they are able to perform complex procedures such as

laparoscopic pull through for Hirschsprung's disease, fundoplication and laparoscopic

Anderson-Hynes dismembered pyeloplasty with good results. lt is gaining acceptance as an

alternative to conventional open surgery,

Further development in paediatric endosurgery however, requires that more paediatric

surgeons train in and become adept at endoscopy. Unless this occurs, complex paediatric

endoscopic surgery will remain in the hands of a few surgeons skilled at the operations, and

will not gain widespread acceptance.

Training more paediatric surgeons in endoscopic surgery is, I consider, now an important

priority as sadly, it is generally accepted that paediatric surgeons lag behind adult general

surgeons. At this present time however, there are probably no more than about six to ten

centres worldwide than can offer adequate training in paediatric endoscopic surgery.

I would like to address this in my concluding remarks.

Training in paediatric laparoscopy

Unlike general surgery, we do not have a gall bladder to practice on. Most general surgeons

cut their laparoscopic teeth on cholecystectomy but unfortunately, this is uncommon in

children. ln general there are not many common conditions on which a paediatric surgeon

can practice his skills. lnstead, one has to rely on a wide variety of often complex cases to

hone skills on, and herein lies the problem:

How does one become good at laparoscopic skills as a paediatric surgeon when there are

fewer cases which are often complex requiring a higher level of skills than required to
perform laparoscopic cholecystectomy? lt would be unusual for a paediatric surgeon to
perform more than one laparoscopy per week unless one is especially focused as is in my

case.
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This is a problem that I have been addressing over the past few years, and experience with

conducting regular workshops in paediatric laparoscopic surgery has lead me to conclude

that it is not necessary to perform a large number of cases all the time to maintain one's

laparoscopic skills. lnstead, it requires a very high level of training.

I believe that this is akin to the training of commercial airline pilots, where they are rarely if

ever called on to extinguish a fire in a jet engine and yet when called upon to do this, are well

prepared and trained, even though they may never have done it before in real life.

It is an observation however that surgeons, even those attending so call advanced courses,

are only keen to learn specific operations, and have no interest in learning the basic

principles that are essential.

ln spite of these shortcomings, I hold the view that laparoscopic workshops for the moment,

is the cornerstone for the training of paediatric laparoscopic surgeons. The topics covered a

these workshops cannot be addressed in any scientific program and is best taught as a
structu red didactic lectu re.

One of the topics taught is how to use and trouble shoot endoscopic surgical equipment. ln

otherwords, understanding the surgical hardware required in laparoscopic surgery. Unlike

general surgery when the endoscopic equipment is in constant use and well maintained by

the operating theatre staff, this is not the case in paediatric surgery. There is rarely a

dedicated team of nurses and technicians trained and available to set up and maintain the

equipment. Most operating theatre staff in Children's hospitals are in fact not at all familiar

with endoscopic equipment with the result that there is often mismatch of instruments and

many other "nuts and bolts" issues which makes for difficult endoscopy.

Having experienced all these difficulties, I now believe it is essential for the paediatric

endoscopist to know all about his surgical hardware, the video equipment, insufflators and

everything else that matters, as no one else in the operating theatre will know how to fix the

problem if you do not know how to do it yourself.

The majority of paediatric surgeons, even those reasonably skilled in basic laparoscopy, do

not understand that laparoscopic surgery is not intuitive and that it is necessary to

understand the fundamentals of first order paradoxical movement, ergonomics and how it

relates to eye-hand co-ordination.
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To emphasise the importance of understanding ergonomics, in addition to the lecture notes

on ergonomics of laparoscopy, work stations are available in all my laparoscopic workshop to

demonstrate that even the simplest task is often rendered impossible if the laparoscopic

instruments are incorrectly set up ergonomically. These workstations are highly effective in

demonstrating the importance of understanding ergonomtcs.

The last issue is one of safety. There is considerably less margin for error in paediatric

endoscopic surgery. Whether it be endourology where a small infant may be at risk of

massive fluid load if one is injudicious about the use of the irrigating fluid, or in laparoscopy

where the use of high flow insufflators pose significant risk of hypothermia, safety is of

primary importance and this is stressed at my workshops.

The best way to avoid complications is to know about them and how they arise. For that

reason, complications of laparoscopic surgery is heavily featured in my laparoscopic

workshops. The complications of electrocoagulation is emphasised as this is probably the

commonest avoidable complications.

ln conclusion, paediatric endosurgery is here to stay. Although the benefits afforded to

children are less tangible than seen in adult population, it is gaining popularity. There is

evidence available today to demonstrate that there are real benefits of endoscopic surgery to

children. There is also increasing parental demand for less invasive surgery.

However the over riding concern must be "first do no harm". lt is becoming clear that

endoscopic surgery in fact does less harm to children than open surgery, This thesis has

outlined some of the developments and contribution made to paediatric endoscopic surgery.
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